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What will you learn from this book? 

Tired of struggling just to get a C- in your college algebra class? Do 
you need to pass high school algebra to get your cell phone back? If 
you need to get algebra in your brain, then Head First Algebra is 
designed for you. Full of engaging stories and practical, real-world 
explanations, you’ll learn everything from natural numbers to expo¬ 
nents to solving systems of equations and graphing polynomials. 
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Why does this book look so different? 

We think your time is too valuable to spend struggling with new 
concepts. Using the latest research in cognitive science and learn¬ 
ing theory to craft a multi-sensory learning experience, Head First 
Algebra uses a visually rich format designed for the way your brain 
works, not a text-heavy approach that puts you to sleep. 


‘The "book is driven by 
excellent examples 
from the world in 
which students live. 
No trains leaving 
from the same 
station at the same 
time moving in 
opposite directions.” 

— Herbert Tracey, Instructor 
of Mathematical Sciences, 
Loyola University 

'Head First Algebra 
was an engaging read. 
The book did a fantas¬ 
tic job of explaining 
concepts and taking 
the reader step-by- 
step through solving 
problems •” 

— Shannon Stewart ， 
Math Teacher 

‘The way this book 
presents information 
is so conversational 
and intriguing it 
helps in the learning 
process. It truly feels 
like you’re having a 
conversation with 
the author.” 

— Amanda Borcky 




























Advance Praise for Head First Algebra 


“Head First Algebra is a clear ， easy-to-understand method to learn a subject that many people find 
intimidating. Because of its somewhat irreverent attitude in presenting mathematical topics for beginners, 
this book inspires students to learn algebra at a depth they might have otherwise thought unachievable.” 

— Ariana Anderson 


“The way this book presents information is so conversational and intriguing it helps in the learning 
process. It truly feels like you’re having a conversation with the author.” 

— Amanda Borcky 

“What do punk bands need to know about algebra? How will quadratics make your listening experiences 
better? Crack the spine on this to find out in a fun and engaging way!” 

— Cary Collett 

“This has got to be the best book out there for learning basic algebra. It’s genuinely entertaining.” 

— Dawn Griffiths, author of “Head First Statistics” 


“I wish I had a book like Head First Algebra when I was in high school. I love how the authors relate math 
concepts to real-life situations. Not only does it make learning Algebra easy，but also fun!” 

— Karen Shaner 


“Head First Algebra is an engaging read. The book does a fantastic job of explaining concepts and taking 
the reader step-by-step through solving problems. The problems were challenging and applicable to 
everyday life.” 

— Shannon Stewart, Math Teacher 


“The book is driven by excellent examples from the world in which students live. No trains leaving 
from the same station at the same time moving in opposite directions. The authors anticipate well the 
questions that arise in students 5 minds and answer them in a timely manner. A very readable look at the 
topics encountered in Algebra 1.” 

— Herbert Tracey, Instructor of Mathematical Sciences, Loyola University 
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This book is dedicated to my parents and teachers for believing that I could 
be good at math, even when I didn’t agree. 

— Tracey 

This book is dedicated to the amazing teachers I’ve had in life —— starting 
with my parents who taught me that the most important is to keep learning. 

— Dan 
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Tracey Pilone would first like to thank her 
co-author and husband for being unwavering 
in his support and open enough to share the 
Head First world with her. 

She is a freelance technical writer who 
supported mission planning and RF analysis 
software for the Navy, right before she decided 
to write a math book. 

She spent several years before becoming a 
writer working as a construction manager on 
large commercial construction sites around 
Washington DC. That’s where she actually 
used Algebra on a somewhat regular basis 
and saw first hand that math is what makes 
buildings stay up. 

She has a Civil Engineering degree from 
Virginia Tech, holds a Professional Engineer’s 
License, and received a Masters of Education 
from the University of Virginia. 


Dan Pilone is a Software Architect 
for Vangent, Inc. and has led software 
development teams for the Naval Research 
Laboratory and NASA. He’s taught graduate 
and undergraduate Software Engineering at 
Catholic University in Washington, D.C. 

This is Dan’s second Head First Book, 
but it still comes with some firsts: his first 
book outside of Computer Science and 
his first book co-authored by his wife (who, 
incidentally, is much better looking than his 
last co-author. Sorry, Russ.) Working with 
Tracey on this book changed it from being 
work to being family fun time. Well, not 
entirely, but still an amazing experience. 

Dan’s degree is in Computer Science with a 
minor in Mathematics. For anyone who needs 
inspiration that Algebra can be fun, fire up a 
good game of Halo and think about all the 
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real world: you’re going to use your Algebra skills to solve some real problems. 
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yourself a whole bucket full of cash. Interested? Let’s get started. 
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Algebra is great, but if you want to learn it, you have to have a good understanding of 
number rules. Suppose you’re rolling along and realize that you forgot how to multiply 


integers, add fractions, or divide a decimal? Well, you’ve come to the right place! Here 


we’re going to cover all the pre-Algebra you need — fast. 
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how to use this book 


Who i$ this book for? 

If you can answer “yes” to all of these: 


© 

O 


Are you comfortable with numbers and pre-algebra? 


Do you want to learn Algebra by learning the concepts 
and not just looking for practice problems? 



Are you familiar with integers and fractions and ready to 
move onto solving for unknowns? 


this book is for you. 


Who should probably back away from this book? 

If you can answer “yes” to any of these: 


O 

© 

o 


Are you someone who is really uncomfortable with 
fractions and decimals? 

Who is looking for Algebra 2 or Statistics information? 

Are you someone who is obsessed with plugging things 
into a calculator? 
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the intro 


Wc kwow what yooVc fhiwkiwg 


“How can this be a serious Algebra book?” 

“What’s with all the graphics?” 

“Can I actually learn it this way?” 

Wc know what your brm is fhiwkiwg 

Your brain craves novelty. It’s always searching, scanning, waiting for something 
unusual. It was built that way, and it helps you stay alive. 

So what does your brain do with all the routine, ordinary, normal things you 
encounter? Everything it can to stop them from interfering with the brain’s 
rea/job —— recording things that matter. It doesn’t bother saving the boring 
things; they never make it past the “this is obviously not important 55 filter. 

How does your brain know what’s important? Suppose you’re out for a 
day hike and a tiger jumps in front of you, what happens inside your head 
and body? 

Neurons fire. Emotions crank up. Chemicals surge. 

And that’s how your brain knows... 

This must be important! Don’t forget it! 


But imagine you’re at home, or in a library. It’s a safe, warm, tiger-free zone. 
You’re studying. Getting ready for an exam. Or trying to learn some tough 
technical topic your boss thinks will take a week, ten days at the most. 

Just one problem. Your brain’s trying to do you a big favor. It’s trying to 
make sure that this obviously non-important content doesn’t clutter up scarce 
resources. Resources that are better spent storing the really big things. Like 
tigers. Like the danger of fire. Like remembering where all of the 
warp zones are in Super Mario Brothers. And there’s no simple 
way to tell your brain, “Hey brain, thank you very much, but no 
matter how dull this book is, and how little I’m registering on the 
emotional Richter scale right now, I really do want you to keep this 
stuff around.” 
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the intro 


Metacogwitiow: thinking about thinkihg 

If you really want to learn, and you want to learn more quickly and more 
deeply, pay attention to how you pay attention. Think about how you think. 
Learn how you learn. 

Most of us did not take courses on metacognition or learning theory when we 
were growing up. We were expected to learn, but rarely taught to learn. 




The trick is to get your brain to see the new material you’re learning as 
Really Important. Crucial to your well-being. As important as a tiger. 
Otherwise, you’re in for a constant battle, with your brain doing its best to 
keep the new content from sticking. 


But we assume that if you’re holding this book, you really want to master 
Algebra. And you probably don’t want to spend a lot of time. If you want to 
use what you read in this book, you need to remember what you read. And for 
that, youVe got to understand it. To get the most from this book, or any book 
or learning experience, take responsibility for your brain. Your brain on this 
content. 


So just how DO you get your brain to treat Algebra 
like it was a hungry tiger? 


There’s the slow，tedious way, or the faster, more effective way. The 
slow way is about sheer repetition. You obviously know that you are able to learn 
and remember even the dullest of topics if you keep pounding the same thing into your 
brain. With enough repetition, your brain says, “This doesn’t feel important to him, but he 
keeps looking at the same thing over and over and over, so I suppose it must be.” 


The faster way is to do anything that increases brain activity^ especially different 
types of brain activity. The things on the previous page are a big part of the solution, 
and they’re all things that have been proven to help your brain work in your favor. For 
example, studies show that putting words within the pictures they describe (as opposed to 
somewhere else in the page, like a caption or in the body text) causes your brain to try to 
makes sense of how the words and picture relate, and this causes more neurons to fire. 
More neurons firing = more chances for your brain to get that this is something worth 
paying attention to, and possibly recording. 


A conversational style helps because people tend to pay more attention when they 
perceive that they’re in a conversation, since they’re expected to follow along and hold up 
their end. The amazing thing is, your brain doesn’t necessarily care that the “conversation” 
is between you and a book! On the other hand, if the writing style is formal and dry，your 
brain perceives it the same way you experience being lectured to while sitting in a roomful 
of passive attendees. No need to stay awake. 

But pictures and conversational style are just the beginning... 
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Here's what WE did: 


We used pictures, because your brain is tuned for visuals, not text. As far as your 
brain’s concerned, a picture really is worth a thousand words. And when text and 
pictures work together, we embedded the text in the pictures because your brain works 
more effectively when the text is within the thing the text refers to, as opposed to in a 
caption or buried in the text somewhere. 

We used redundancy^ saying the same thing in different ways and with different media 
types, and multiple senses, to increase the chance that the content gets coded into more 
than one area of your brain. 


JC 2 - 4 


We used concepts and pictures in unexpected ways because your brain is tuned 
for novelty, and we used pictures and ideas with at least some emotional content, 
because your brain is tuned to pay attention to the biochemistry of emotions. 
That which causes you to feel something is more likely to be remembered, even 
if that feeling is nothing more than a little humor, surprise^ or interest. 


|eerip 


UiiujRg 


We used a personalized, conversational style, because your brain is tuned to pay more 
attention when it believes you’re in a conversation than if it thinks you’re passively listening 
to a presentation. Your brain does this even when you’re reading. 

We included more than 80 activities, because your brain is tuned to learn and 
remember more when you do things than when you read about things. And we made ( 
the exercises challenging-yet-do-able, because that’s what most people prefer. 、 

We used multiple learning styles, because jom might prefer step-by-step procedures, 
while someone else wants to understand the big picture first, and someone else just wants 
to see an example. But regardless of your own learning preference, everyone benefits from 
seeing the same content represented in multiple ways. 

We include content for both sides of your brain, because the more of your brain you 
engage, the more likely you are to learn and remember, and the longer you can stay 
focused. Since working one side of the brain often means giving the other side a /一 

chance to rest, you can be more productive at learning for a longer period of time. 


5 friends? No problem... 

I’ll get those mails right out. 





And we included stories and exercises that present more than one point of 
view, because your brain is tuned to learn more deeply when it’s forced to make 
evaluations and judgments. 

We included challenges, with exercises, and by asking questions that don’t always have 
a straight answer, because your brain is tuned to learn and remember when it has to work at 
something. Think about ityou can’t get your body in shape just by watching people at the 
gym. But we did our best to make sure that when you’re working hard, it’s on the right things. 
Thatyou^re not spending one extra dendrite processing a hard-to-understand example, 
or parsing difficult, jargon-laden, or overly terse text. 

We used people. In stories, examples, pictures, etc., because, well, because j ⑽ h a person. 
And your brain pays more attention to people than it does to things. 
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Here's what YOU can do to bend 
your brain into submission 

So, we did our part. The rest is up to you. These tips are a 
starting point; listen to your brain and figure out what works 
for you and what doesn’t. Try new things. 

Cut this out dhd stidk i-t 

° h y ouv * 


Slow down. The more you understand, the 
less you have to memorize. 

Don’t just read. Stop and think. When the book asks 
you a question, don’t just skip to the answer. Imagine 
that someone really is asking the question. The 
more deeply you force your brain to think, the better 
chance you have of learning and remembering. 

Do the exercises. Write your own notes. 

We put them in, but if we did them for you, that 
would be like having someone else do your workouts 
for you. And don’t just look at the exercises. Use a 
pencil. There’s plenty of evidence that physical 
activity while learning can increase the learning. 

Read the “There are No Dumb Questions” 

That means all of them. They’re not optional 
sidebars, they，re part of the core content! 

Don’t skip them. 


Drink water. Lots of it. 

Your brain works best in a nice bath of fluid. 
Dehydration (which can happen before you ever 
feel thirsty) decreases cognitive function. 

Listen to your brain. 

Pay attention to whether your brain is getting 
overloaded. If you find yourself starting to skim 
the surface or forget what you just read, it’s time 
for a break. Once you go past a certain point, you 
won’t learn faster by trying to shove more in, and 
you might even hurt the process. 

Feel something. 

Your brain needs to know that this matters. Get 
involved with the stories. Make up your own 
captions for the photos. Groaning over a bad joke 
is still better than feeling nothing at all. 




o 


Make this the last thing you read before bed. 
Or at least the last challenging thing. 


Part of the learning (especially the transfer to 
long-term memory) happens after yow put the book 
down. Your brain needs time on its own, to do more 
processing. If you put in something new during that 
processing time, some of what you just learned will 
be lost. 



Talk about it. Out loud. 

Speaking activates a different part of the brain. If 
you’re trying to understand something, or increase 
your chance of remembering it later, say it out loud. 
Better still, try to explain it out loud to someone else. 
You’ll learn more quickly, and you might uncover 
ideas you hadn’t known were there when you were 
reading about it. 



Use Algebra in the Real World. 

There’s only one way to get comfortable with 
Algebra: do it a lot. Now, that doesn’t mean you 
need to lock yourself in a room with graph paper 
and pencils. But it does mean you should think 
about how Algebra fits in to the world around you. 
What problem are you trying to solve? What are 
the knowns and unknowns? How do they relate 
to each other? The point is that you won’t really 
get Algebra if you just read about it~~you need 
to do it. We’re going to give you a lot of practice: 
every chapter is full of exercises and asks questions 
that you need to think about. Don’t just skip over 
them—~most of the learning actually happens when 
you work on the exercises. Don’t be afraid to peek 
at the solutions if you get stuck, but at least give the 
problems a try first. 
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Read Me 

This is a learning experience, not a reference book. We deliberately stripped out everything 
that might get in the way of learning whatever it is we’re working on at that point in the 
book. And the first time through, you need to begin at the beginning because the book 
makes assumptions about what you’ve already seen and learned. 


We start off by teaching how to solve algebraic equations. 

Believe it or not, even if you’ve never taken Algebra, you can jump right in and start solving 
for unknowns. You’ll also learn about the deeper motivations for the study of Algebra, and 
why you should learn it in the first place. 


Calculators are only for arithmetic you can’t solve easily, NOT for 
solving equations. 


There are lots of calculators out there that can do lots of things, including solving equations 
and plotting graphs. Since the entire purpose of working through this book is to learn how 
to solve and graph equations yourself, using a calculator to do it would just cheat you out of 
your learning experience! 

If you’re rusty on some pre-Algebra topics, we can help. 

You need to be able to work with fractions, decimals, integers, and exponents to get into 
Algebra and solve for unknowns. The good news is that if you have a decent understanding 
of these concepts, but you can’t quite remember how to get a common denominator, there 
is a big appendix at the back to help you. It’s quick and dirty, but it can bring you back up to 
speed on how to work with those tricky pre-Algebra topics. 
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Algebra is not just about getting the right “answer.” 

There’s a lot in this book about the process: writing out the steps, understanding what’s 
going on at each point, and really understanding what you’re doing. We have taken a 
lot of time to make sure that each exercise is well explained, and there’s a reason for 
ityou’re trying to learn here, right? So don’t just skip to the x = 5 and see if you’re 
right, because that’s only a piece of the answer. 

The activities are NOT optional. 

The exercises and activities are not add-ons; they’re part of the core content of the book. 
Some of them are to help with memory, some are for understanding, and some will help 
you apply what you’ve learned. Don’t skip the exercises. 

The redundancy is intentional and important. 

One distinct difference in a Head First book is that we want you to really get it. And 
once you finish the book, we want you to remember what you’ve learned. Most reference 
books don’t have retention and recall as a goal, but this book is about learning, so you’ll 
see some of the same concepts come up more than once. 

Everyone can learn Algebra, even if you think you’re not a “math 
person.” 

You need to leave all of this “I’m not a math person” stuff behind. Everybody is a “math 
person，” you just might not know it yet. You actually do a lot of Algebra every day ， it’s 
just not labelled that way. If you haven’t yet found your inner “math person，” or you’re 
rusty, you’ve come to the right place. You’re going to finish the book knowing how to 
handle Algebra. Now get going and solve some equations! 
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whctt is algebra? 


參 Solving for unknowns." ♦ 



Do you ever wish you knew more than know? well, that’s 

what Algebra’s all about: making unknowns known. By the time you’re 
through this first chapter, you’ll already have a handle on X being a lot more 
than a mark where treasure’s buried. You’ll get a handle on equations, 
keeping both sides of an equation balanced, and why solving for unknowns 
really isn’t that big of a deal. What are you waiting for? Go on and get started! 


this is a new chapter 








algebra is everywhere 



Jo has been watching the game system battles for a while now and 
has finally decided on the one she wants. Her favorite system’s on 
sale this week, and she’s ready to buy. But can she afford it? That’s 
where she needs a little help from you. 

〒& j 0 ， s b 咖 

心十 r - i 仏 ㈣ le 

wllthe system a ^d a -fe 

adiessotries dost ioo 啪 udh? 


I can handle $199 


that really how much the 


system's going to cost? 


Gaming Headset 


Headset with 


licrophone, 


ideal for online gaming 


(HS-AL1-867) 


It all started with a big gaming sale 


KillerX2.0 


Gaming System 

The brand new KillerX 
2.0 includes full circle 
entertainment value. 

_ One game controller 
^Jicluded. (KILLX-112) 
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What does a system reall y cost? 

When you buy things — especially expensive electronic things — there are lots of pieces 
that add into the price besides just the number on a sales flyer: sales tax, an extended 
warranty, shipping and handling, etc. So what will a KillerX system really cost? 


There's tax oh the system. 


The base price of the system is $199. After that, 
we need to think about taxes, which are 5%. Let’s 
figure out how much Jo’ll have to pay in taxes: 


€,% sa\e s ^ 


$ 199 x 0.05 


you’ll 


^ J out ihis, 

't agam i h a mm u £ e . 



If 作斗 y Oh youir decimal math, just to 

the appehd'm a«d bvush up/ 



...and the extended warranty, too. 

Jo’s about to spend S199 on a game machine, and she wants to 
purchase an extended warranty plan for an additional $20. Let’s 
put that in the price, too. What price will Jo need to pay? 


Find the 
total cost 


$199.00 


T^e ov— al 


to«so\e - 




〆 … "the sales tax. you -figuv-cd 
out cavlicv-... 

...a.d^cWcd.a-a^ 




—、 Add all these up and you gc-t 
how mudh Jo vga I ly heeds b> 
spChd to buy the dohsolc- 


you are here ► 


3 





solving for unknowns 


This is stupid. I thought we were 
supposed to be learning Algebra! 



Figuring out the total wasn’t just addition! It 
was solving for an unknown ^and that’s 
Algebra. In this case the unknown was how 


much everything was going to cost. 


$ 199.00 


T\\t or' 1 


_ oUW 


I 


•"the sales v/e -figuv-cd 
ou 七 cavlicv... 


…身一切 . 






..U Ud all the 

tw . s —严 m 如一 
。七一 t ☆: 二 — ㈣ 寸 

Uai ^as 


Algebra is about solving for uwkwovm 

Algebra is about finding the missing information that you’re looking for 
by using the information you already have. The unknown could be the cost of 
a car loan, the quantity of soda you need, or how high you can throw a water 
balloon. If you don’t know it, it’s an unknown. 

All the other things that you’ll learn in Algebra are just ways to jiggle things 
around to help you find a piece of missing information. There are rules about 
when you can multiply things or when you can bump something from one side 
of an equals sign to another, but at the end of the day ， they’re all just tricks to 
help you find that missing piece of information you’re looking for. 
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Jo's got more unknowHS 

So Jo knows how much it will take to buy an awesome gaming 
system, including an extended warranty. But she still doesn’t have any 
games... or another controller... or a headset. 


Jo started with $315.27 in her bank account. Now that she’s paid for 
the console, how much can Jo spend on accessories? Let’s start by 
writing this out in words: 


Account 

balance 


Cost of 
console 



Money for 
accessories 




WvVt— a 
\s a 


Vou Aoy\ . 


We know how much the console costs ($228.95), and we know how 
much Jo has in her account (S315.27). Now just fill in the blanks, and 
we can figure out Jo’s accessory budget: 



，二 ㈣ 
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r means unknown 




Cens^Je Pricing Tip CjaSe 


Let’s take a closer look at what we just did. First, we’re going to swap out the 
unknown box for the standard Algebra version of an unknown — an 

x = money for accessories 

$315.27 - $228.95 = $86.32 = x W 咖一七 


T^s ， o.a^ s 


nr 丄身 a . 


Ws What s ih hcv \ 

3d 匕 ouht rtcvcs {\\t ^ost 

of tov\so\t 70U 
^^uvcd ou*t eavW. 


hcmc s ou^* 
Uhkhovvh. 


$86.32 = x 


We can also turn this around to be: 


x = $86.32 


、 L 4 - vow tan 

放工一一 “ 。“ k 

or 


Understanding a problem and finding the unknown, x, is working with 
Algebra. Using tricks like writing the problem out with words and flipping 
things around are just ways to make finding that unknown possible. 



Solving lor 
any unknown 
is Algebra. 
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ih -fov 
yo^r Uhkhowh. 

Co ^d be how 

«°9^ you , eed ^ pu(( a / 

iV h 〜 h “i" 乂 


^ do ^ 也 



^ w>®rs. 


x is just a user-friendly stand-ir 
and it’s what you’re looking for when you solve an equation. The unknown in any given 
situation is called a variable. In the real world, problems present themselves every day; 
translating them into mathematical equations allows you to solve them. 


ihere-iccce no 

Dumb Questions 


Will the unknown always be x? 

Nope. As you progress with math, you’ll see x, y, and z pretty 
often. You can use any letter that you want, though. 

Back on page 6, how come you could just flip that equation? 

All we really did was switch the same equation around, called 
manipulating the equation. There are rules about exactly how you 
can work with equations without changing any values, and well learn 
lots more about them in the rest of this book. 
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equations are math sentences 


Equations arc math sewtewces 


Equations, like the one you used earlier to figure out how much Jo could 
spend on accessories, are just math sentences. They’re a mathematical 
way of saying something. So when we talked about Jo’s account balance, 
we were actually using an equation: 


Account 

balance 


Cost of 
console 




V 




丁 V\C aa ouVVU m'mus hov/ 

y/c spchd oy \ "the 
dohsole." 


Money for 

accessories 


•••C^u3ls Kow mudh 
wc have \c(i (or 
a^dcssovics. 


Our equation means “The account balance minus how much we spend on the 
console equals how much we have leftfor accessories.” So, that means that the 
account balance must equal the cost of the console plus the money for accessories. 
If we write that sentence as an equation it looks like this: 



■ e sc ^ S3 Z 


same — 卜 . 


Account _ Cost of 
balance - console 


+ 


The addouni 


CC... 


equals V^ov/ 
ov\ *tV>c 6owsolc••• 


Money for 
accessories 

… 心 how mu 匕 h 
wc have lefi 
^ oym ^cssoHes. 


Both sentences mean the same thing; they’re just phrased differently. 
Over the next few pages, you’ll learn how to rearrange math 
sentences and make sure that you don’t change any values. 


Ecjuations can 
te rearrangfect 
like sentences. 
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Matk Magnets 

Below are some word problems and magnets. Your job is to make equations 
from the magnets that say the same thing as the word problems. Once you 
have the equation put together, circle the unknown — the value you need to 
figure out. Then, write out your equation in a complete phrase. 


1. Jo and her 3 brothers are thinking about upgrading their LIVE subscription 
to the Platinum membership, which is $12 per person. How much will it cost 
them in total? 


Now write your 
equation in words: 


. ' . 

V 乂 /> 

二 7。:，“ wa 以狀 

TliC dost fC\r rr»cmbc\rsiiip times 


2. Jo started playing a hot new game, but she only has two hours before she 
has to go out. She spent 20 minutes on level 1,37 minutes on level 2, and 41 
minutes on level 3. How much time does she have left to play level 4? 






Now write your 
equation in words: 
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Matk Magnets Solutions 

Below are some word problems and magnets. Your job is to make equations 
from the magnets that say the same thing as the word problems. Once you 
have the equation put together, circle the unknown — the value you need to 
figure out. Then, write out your equation in a complete phrase. 


1. Jo and her 3 brothers are thinking about upgrading their LIVE subscription 
to the Platinum membership, which is $12 per person. How much will it cost 
them in total? 



1 \ #¥¥ . "to 


Now write your 
equation in words: 


The dost pev- membevship -times -the humbev of Jo and licv bvo-thevs equals 

how mohcy "tlicyll spe^d *fco upgrade "theiv LlVB mcmbcv-sliips. 


2. Jo started playing a hot new game, but she only has two hours before she 
has to go out. She spent 20 minutes on level 1,37 minutes on level 2, and 41 
minutes on level 3. How much time does she have left for level 4? 4 



Now write your 
equation in words: 


The level I plus "the for I CVcl Z f I US /til C "tirwC ^o\r level ^ 

plus the "tirwC -for level \ equals the time Uh-t'il Jo jcaves ； 






You could also have made an equation that says, “Time until Jo leaves 
minus the time for level 1 minus the time for level 2 minus the time for 
level 3 equals the time for level 4." Would that be any better? Why? 


10 Chapter 1 

























what is algebra? 


r 




KQIJATION CONSTRUCTION 

Now you build the equations! Take the "math sentence” you wrote and translate it into an 
equation. Use the numbers that were given and x for the unknown. 


1. Jo and her 3 brothers are thinking about upgrading their LIVE subscription 
to the Platinum membership, which is $12 per person. How much will it cost 
them in total? 




Figuvc t CSC out 
-the Problem 
statemcht. 



X 


l/Vc v>eed a variable -to sta 灼 d m 
Jfov v/Ka-t v/cVc "to 

SO Y/c ll use %• 


This nxcans J 
一七 ipli 以 i 0h . 


丁 he sarwc thihj (or this 
pVoblcry» - you ^,|| j h 
x *' ov " "the Uhkhoy/h. 


2. Jo started playing a game that just came out, but she only has two hours 
before she has to go out. She spent 20 minutes on level 1 ,37 minutes on level 2, 
and 41 minutes on level 3. How much time does she have left for level 4? 


I level i I 


tW»s oyve! 


Hours or rn\^X 


Time for 
level 2 



+ 

^ . 

Use "this Imc b> dombrnc ^umbcv*s 

扣 d wv-i-bc a s^ov-bev- c^ua-bio^. 


J 
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KQIJATION CONSTRUCTION SOLUTION 

Now you can build the equations! Take the "math sentence" you wrote and translate it into an 
Algebraic equation. Use the numbers that were given and x for the unknown. 


1. Jo and her 3 brothers are thinking about upgrading their LIVE subscription 
to the Platinum membership, which i<$1^>er person. How much will it cost 
them in total? _ _— 一 一 


Cost per 

membership 




money for 
the 

membership^ 




3, bvo*t^cvs + v)o 二今 


2. Jo started playing a game that just came out - but she only has two hours 
before she has to go out. She spent 20 minutes on levell, 37 minutes on level 2, 
and 41 minutes on level 3. How much time does she have left for level 4? 


从 r^ihu-tcs 

sih ^ time -Pov the 
levels is iv, 





午 I 




+ 卞 





























what is algebra? 


Now SOLVE for the imkwoww 

Jo is trying to decide if it’s worth it for her to buy a LIVE subscription. She has 
10 games, and 7 of them don’t have any online play. How many does she have 
that can be played online? Does it make sense for her to buy the subscription? 



仙 9 a mes ... 1 5 ames - 



|0 ywes … 


What we really care about here is what X is —— the unknown number of games. 
We don’t really care about the seven games on the left side of the equation. In 
fact, we can get rid of that seven as long as we make sure we do the same 
thing to both sides of the equation. 


3— vight 

ihe e<\ua-tioh wi-thout 
■the seh-tehie. /-f \i helps, 
y° u wH-tc it oui but 
j us 七七 “ ‘3 about ihc 
ih y/ov*ds -fivs-fc 

should be Chough h> help. 


An equals sign means that both sides are the same. So if we take 7 away 
from one side, we have to do the same thing to the other side of the 
equation:. 



Uhkhoy/h 
«umbe\r o-f 


So here’s what we have left: 


//// = 


1 



|0 






away 7 0 . I ^ 





o O 


Hmm, I can only play : 
games online. I’m not going 
to get that subscription 
just yet. 































isolate your variables 



How does that help! I’m not going to 
spend the rest of my life drawing pictures 
of all my problems. 


You don’t need pictures to do algebra. 

What you need is a way to use the operations that you already know 
(addition, subtraction ， multiplication, and division) to solve equations. 

The tricky part? You must preserve the equality. Equality means the 
same. When you do something to one side of the equation, you have 
to do the same thing to the other side of the equation. 

Here’s another way to look at Jo’s online problem without pictures: 


TKc a^sv/cv is "to be 
% n so ^ 

-to v-'id o-f i\\t scvcy> 


... V^eve xe subtvatt 
1 ^ V,otV> sides lo 

ovesewe 

7 - 7 is O, we ety d up 
^justXcihis side... 





iV>e initial e<\waiioin ^ov 

v)o’S 




When you get x all by itself, you’re isolating the variable. That’s 
the most important part of solving an equation. Isolating the variable 
means you’ve gotten the variable by itself on the left side of the 
equation and everything else stacked up over on the right. If you can 
isolate a variable, then you’ve solved the equation — the answer just 
pops out, like X = 3. 

Knowing that your goal is to isolate the variable means that you know 
which numbers to move away from the left side. Since you’re trying to 
get x alone, that means that you move the seven, not the 10! 
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So which operation do you use whew? 

The opposite of addition is subtraction. So, if some number is being added on 
one side of the equation, and you want to move that number to the other side, you 
can subtract that number from both sides. The math term that describes opposite 
operations is inverse operations. 

The basic math operations are addition, subtraction, multiplication, and division. 
An inverse operation is the operation that undoes an operation (like addition undoes 
subtraction). Inverse operations let you shift a number or variable from one side of 
the equation to the other by “undoing” that number on one side of an equation. 


~I~Kis is aedcd 

io v'ld o-f -tKc SCVCV> 
added subt^adted 



SCVCV> 


-Vv*om bo*tV» sides- 


When you want to solve an equation: 




Look at the equation and figure out what numbers to move. 

Using Jo’s equation, we had to get rid of the 7. That’s because we’re 
trying to isolate the variable, the x. 



Figure out which operation to use. 

You need to use the inverse operation for the number to remove it. For a 
subtracted number, add. For a divided number, multiply, and so on. 


^ Preserve equality. 

Whatever you decide to do to one side of the equation, you must do to 
the other. That keeps the equation the same. 





There are other inverse operations out there. Can 
you think of other operation pairs that work? 



inverse operations 



Inverse Operations €^qposc«i' 

This week’s interview: 

Just who are the inverse operations? 


Head First ： And welcome back to Algebra at Night. 
Tonight’s guest... or guests... are inverse operations. So do 
you guys always travel in pairs? 

Inverse Ops ： Well, yes. We’re not inverse operations 
unless both of us are here. We’re about maintaining 
balance. 

Head First ： Ah, right. So addition is always paired with 
subtraction，multiplication always with division., why is 
that? 


Inverse Ops ： Opposites attract, and multiplication is the 
opposite of division. 

Head First: Same with addition and subtraction, right? 

Inverse Ops ： Yeah, and we’re all opposites because we 
all undo each other. 

Head First ： When you say undo each other, do you 
mean if there’s a multiplication, than division can make it 
go away? 

Inverse Ops: Well, not really go awayremember, our 
job is to keep everything in balance. We just move things 
around. If you have a multiplication you need to move, 
you can undo that multiplication with a division^on both 
sides of the equation. 


Head First: Ok, I think I get it~~you can move numbers 
from one side of the equation to the other. So you’re 
pretty useful for getting a variable by itself? 

Inverse Ops ： Absolutely! That’s what we do best. A 
little addition here or multiplication there, and you can get 
almost any variable by itself. 

Head First ： Very cool! So any last words before we sign 
off? 

Inverse Ops ： Just a couple thoughts. You have to be 
careful that you keep the equation balanced. There are 
also a few more pairs of us floating around out there, but 
they’ll turn up later. 

Head First ： Well ， it’s been great talking to you — all of 
you — and I appreciate you coming by. Until next time, 
may your multiplications always have a division, and your 
additions subtract. 


Inverse operations kelp 
you isolate tke variable. 




BULLET POINTS 


■ Algebra is about solving for 

unknowns. 

■ You use other information 
from your problem to setup an 
equation with the unknown. 


■ The unknown is called a 

variable. 

■ In order to solve for a variable 
(like x), you need to isolate the 
variable. 


■ You can isolate the variable by 
using inverse operations to 
manipulate the equation. 

■ Addition is the inverse of 
subtraction, and multiplication 
is the inverse of division. 
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algebra? 


Below are equations that have unknowns and numbers on both 
sides of the equations. Use inverse operations to isolate the 
variable and solve the equation. 






rt/.ve ^ V ' ave ^ * 

: A 一一 


5.x= 125 
125 


lVA \t^cd W 

rst o^aW- 


Make suv-c you apply 
i-b b> ko-bK sides... 




13 = 29 


x •6 = 47 -^^ 


x*6 


22 = 25 


TW\s also 
means times- vl 

3 (x) = 5 


3 W 


Why are there dots 
and parentheses for 
multiplication? What's wrong 
with x? _ 


Whoever thought it was a good idea to use x to mean 
the typical unknown apparently didn’t mind the 
confusion it might cause with the multiplication sign, x. 
However, lots of other people did. 

They gave up on using x for multiplication and came 
up on with a few easier to read options: 


⑽。 nbc mean 

广 . ^ 

\ 5 * j : 

) Parentheses: ^ (JC) ■ 

I Nothing at all: 5jC : 
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solve these 


(^terpen your pencil 


- r :UTtt 3 :， 

^ >i wovks. D - 

^ ^ - h c ： r o i-r 


] Below are equations that have unknowns and numbers on both 

sides of the equations. Your job was to use inverse operations to 
isolate the variable and solve the equation. 

’ ^ / ~c d: ::=;2 上 ？ 

5 • x = 125 “ 

^— - /Vlakc suvc you apply 

+ 5 25 + 5 it^bo-tK sides... 

一 _ K ^ do J. 


OetV. 七 .... 


j-13^29 
x-13 +i; =29+i; 


We T e l ot ； ^ 3^ that II 
the way, So use the 
^v e « e o Pe ^£ loM ahd add jz 

Do-th sides. 



This o«e was a little iv-icky. 

s a “一 ir ovev heve, bu-t you 
/ ^ +iguire out ''4*7 - II," iheves 

4j ⑽ neec ^ "'ove it a«ywheve. 

x.6 = 47-11 


x*6 


户 x + 22 = 25 

x + 22 -. 2 - 2 - ....= 25 ： 


you ^ ad Hd of CMk tW«s c^e W” 

b H ， k sidesb ” 

3 (X) = 5 厂 '' div 'ded\ u 

if ^bol y 

3W.../;.......= 5../;........ 


, 0 st W 

.TO ^ 


i U ’ 


tV»etk tWis one, just -to — 5/S or l.bUl 

▲ 抓減 WatW « . 

，吵七 . V 

的 d 二弓 


And a change for division too... 

The division sign you’re used to seeing was 
tossed away, too. Instead you’ll see things 
like this: 


A slash: 


Stacked: 


125/j = 5 

象 5 


TViese ave °^ e，r 

^s{p s^ow dW>s>o«. 
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what is algebra? 


—— O 办轚名 - 

Match each example of something you’ve learned in this chapter to it’s 
name. Be careful, some of the names are used twice! 


0per£tti9n example 


Oper^ttion name 


InVerse oper^ttion ¥ot addrtfon 


Division 


Opposite o? niultiplic^tion 

7/3 

x 

2x = 10 


Equation 


Manipulating the equation 


Variable 



Subtraction 
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who J s who? 








0per£tti9n example 


Oper^ttion name 



jk :*3 4-i — 5 u 


Subtraction 





what is algebra? 


Jo is ready to accessorize! 


Jo’s "to 

buy a Couple o( 



^terpen your pencil 


Fix Jo’s problem! Figure out where she went wrong. 


Jo figured out that she had $86.32 
left in her account for accessories. 

She decided that she wants to get 
more games and not worry about the 
headset just yet. 

Jo did some quick Algebra to figure ■ 
out how many game she can buy: 


After I figured out I ’ 
could buy 2 games, I went to buy them 
and it came up to more than $86.32! 

I must have done something wrong - 1 
thought I had enough money! 


JoS 








% s 2.007 
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always check your work 



^ed^9=your work... 

OttV .' 岣 


You’ll find as you go forward with Algebra that the problems 
become more complicated, and it’s pretty easy to make a mistake. 
Jo didn’t divide correctly, and that got her! Checking your work 
doesn’t mean just looking over what you did. It also means using a 
specific technique called substitution. 


Substitution uses your solution w the original equation 

Substitution means putting something in for something else. A substitute 
teacher is in the place of a regular teacher, right? To check your work, you 
substitute in the answer you found for the variable in the original equation. 

Substitution is a process that can be used not just for checking your work, 
but for other things too. When we get to more complex equations, and 
equations with more than one variable, you’ll want to use substitution as 
part of the solving process. 
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what is algebra? 


thereicire no 

Dumb Questions 


So about this "checking your work" thing... 

A. 

Do it. It's easy to do, and it will tell you if you have 
the right answer!! Seriously. If you have an equation like 
5 + x = 11, and you say x = 2, when you plug 2 back in you 
end up with 5 + 2 = 11, which is seriously wrong, x does not 
equal 2. It’s easy to check your work after you’ve solved for 
the unknown. 

When else will we use substitution? 

You'll see it come up again and again—always with 
checking your work, but also as a starting point to solve 
equations with two variables, for graphing lines, figuring out 
inequalities ...keep reading, we’re getting there! 

Why are there different notations for 
multiplication and division? 

It's really more convenient and a lot less confusing 
than the traditional multiplication and division signs. As 
you get to later chapters, you’ll see more complicated 
equations where being able to show division as a single line 
really makes a huge difference. Multiplication (especially 
with parentheses) is the same way—sometimes what’s 
inside that parentheses can get pretty complicated. Finally, 
multiplying a number by a variable is so common that just 
writing them next to each other is a lot less confusing than 
having a multiplication symbol in between. 


Do addition and subtraction have other notations, 

too? 

Nope, they stay the same. Plus means addition, and 
the minus means subtraction, but... 

What’s the difference between a negative number 
and subtracting a positive number? 

As far as working with them, none. That means that 
when you have a -4, it’s the same thing as + (- 4). 

There seem to be a lot of elements that go into 
solving an equation, how do I keep track? 

There are a lot, but they'll soon become second 
nature. Once you get used to working with equations, you’ll 
automatically use inverse operations to move numbers 
around, you’ll simplify the equation you end up with, and 
then you’ll just keep going until you get that variable by itself. 

Later well follow the exact steps, but really they are just 
“what you do” when you get an equation. Probably the 
easiest one to forget is checking your work...make sure you 
do it! 


When should I use parentheses versus dots 
versus just bumping the number and variable together? 

There’s no difference between the different notations; 
it’s just whatever is easier and looks cleanest. If you have a 
number times a bunch of things, you can use parentheses. 
Well talk a lot more about that in chapter 2. If you have a 
number times a variable, just push them together. As for the 
dot... well, it’s good for variety if you’re bored with the other 
notations. 

With division, you almost always see the stacked form, 
unless you’re typing an equation in a word processor or an 
email, where the stacked form is a pain. In those cases, you 
can use the slash. 


Substitution means 


putting a new 
value Lack into tke 


original ecjuation. 
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need more video gfames". 



Jo’s perfecting her set up with that new game she bought with what she had left of her savings. 
Help her figure out the details! 


During Jo’s embarrassing trip the first time she tried to buy the games, 

she put back the headset and just bought the new game, so she has 

$33.55 left. The new game is networked, so it’s time to invest in that /Wake s U vc -to 

LIVE subscription ($12) and the headset ($39). How much does she 亡 heek y。# 

need to save up to buy all of these accessories? 


L|\/E subs^irip-tior) + headset — mo^cy Jo heeds + savins bala^e 





Jo wants to buy an extra level for her game on LIVE, and it’s 720 points. 
It costs $1 for 60 points. How much will it cost for the new level? 

^>0 fo'm-ts (humbev- o( dolla\rs) — fonvt tost o( "the level 


ov^inai 


















what is algebra? 


Now how much does Jo need to come up with? She wants all the 
accessories and the new level for her game... 


TW»s or\C 'fv-ctt'/ 
s^va*»^*t^ov>wav d- -- 


V,atV. 


Jo has figured out that she can sell some used games that she’s already 
beaten to pay for the headset, subscription, and extra level. She can get $8 a 
game. How many games does she need to sell to cover the new stuff? 
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solve the equations 


Jo’s perfecting her set up with that new game she bought with what she had left of her savings. 
Help her figure out the details! 

txeRcise 

So/.ut»OH 

During Jo’s embarrassing trip the first time she tried to buy the games, 

she put back the headset and just bought the new game, so she has 

$33.55 left. The new game is networked, so it’s time to invest in that /Wake s U vc -to 

LIVE subscription ($12) and the headset ($39). How much does she 亡 h 拉 k y。# 

need to save up to buy all of these accessories? 

L|\/E subs 匕 iriptioh + headset — mo^cy Jo t\ctds + savins bald^e 

Otk 如 : 一） 5 | - 5 | / ovi^al 呷 at ⑽坛 


Jo wants to buy an extra level for her game on LIVE, and it’s 720 points. 
It costs $1 for 60 points. How much will it cost for the new level? 

^>0 fomts (r\um>bcv o( dollairs) — "total poiirt tost o( "the level 


Pividc ko-bK — ^]ZC 

s,des b V ，: XT 


-TWis is / 

division 


ov'^mal evatio" 


% - - 

bO(\l)-110 

lio 



what is algebra? 


Now how much does Jo need to come up with? She wants all the 
accessories and the new level for the game... 


New at^cssovics + ho/ level — -total rwo^cv Jo ^ccds 

- > 

n. 午弓 + ii-% 

么州二 * 

n. 午 5 + 中 5 

1%°^ - / 

Koy/ v/e k«ov/ *tV>e ■to'tal 
i\\ai Oo v\ttds. 





TW»s or\C »s ? 代七七 7 
s^va*»^*t^ov>wav d- -- 


Jo has figured out that she can sell some used games that she’s already 
beaten to pay for the headset, subscription, and extra level. She can get 
$8 a game. How many does she need to sell to cover the new stuff? 


"fcot^l rwohey Jo tweeds 
arwouht she get ycr 


imvy - >c 

N 


hurwbev- o-f *to sell 
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equation training 


Equation traiwiwg 

Let’s put all your mad equation solving skills together to 
solve a real world problem using Algebra: 


^ Write the equation to solve it 

Once you understand what you need to find, 
write out the equation in algebraic form. Use x 
(or some other letter) for your unknown. 

^ Understand the problem statement 

Each problem will come with hints and an 
unknown. Figure out what you’re looking for and 
what other numbers in the problem will help you 
solve it. Think of it verbally first. 



Q Check your work!! 

Check that you have the right answer by plugging 
your number back into the original problem in place 
of the unknown. 



Write the equation as unknown = number 

Once you’ve gotten the variable by itself, you’ve 
found the solution! 


x = something 
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what is algebra? 



Figure out how to isolate the variable 

Use inverse operations and work the arithmetic 
when you have actual numbers to get the variable 
by itself on one side of the equation. 




Rewrite the equation 



Manipulate the equation 

Apply your techniques to actually move the numbers 
around in the equation to get that variable by itself. 
Make sure you always keep the equation equal by 
doing the same thing to both sides. 



Clean up the equation by performing any arithmetic 
you’ve setup after you moved things around and see 
if you’ve gotten the variable by itself. If not, apply 
another technique to get the variable by itself. 
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algebra saved jo’s day 


Jo has m awesome setup! 

After a trip to sell off 4 games and buy a headset, Jo signed into LIVE 
and bought that new level, and she is ready to play! 







3 0 . 


/ 

KillerX2.0 
Gaming System 

The brand new KillerX 
2.0 includes full circle 
entertainment value. One 
game controller included. 
(OPOD-112) 


T^eiri she bought and sold 
3 如 《, w she £ould 
a+Wd a hew headset 
OhlihC play. 



Jo’s about to spend hours on her new 
game — but when she’s done, it’ll be 
easy to figure out what game she can 
afford next! 


y)o — 


Wdy io 

3 如叱 ^yk e .( 
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what is algebra? 



Equationcross 


Take some time to sit back and give your right brain 
something to do. It’s your standard, crossword; all of 
the solution words are from this chapter. 



Across 

2. The operation that undoes some other operation. 

5. Use this to do away with addition. 

6. Checking your work is really just. 

8. Plug your answer back in to.it. 

10. A variable, by itself. 

11. Jiggling the equation around to solve it. 


Down 

1. The anti-multiplication. 

3. Stands for an unknown. 

4. Math sentences. 

7. Algebra is solving for. 

9. The key thing an equation promises. 
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math toolbox 



BULLET POINTS 


Algebra is about solving for unknowns. 

You use other information from your problem to setup an equation with the unknown. 
The unknown is called a variable. 


In order to find the solution to the equation, you need to isolate the variable. 

You can isolate the variable by using inverse operations to manipulate the equation. 
Addition is the inverse of subtraction, and multiplication is the inverse of division. 


32 
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Equationcross solution 


what is algebra? 
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2 (more) cgmpllccitecl ecp£lti9ns 


Taking Algebra on the road 

肴 



Imagine a world where there is more than ONE thing 
you don’t know. Yes, it’s hard to imagine... but there are problems out 
there with more than one unknown. Not only that, but sometimes you’ve got 
one unknown that appears multiple times in the same equation\ No worries, 
though... you already know how to manipulate your equations. Add that 
knowledge to the tools you’ll learn in this chapter, and you’ll be solving more 
complicated expressions in no time at all. 


this is a new chapter 
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pajama death 


Paul loves "Pajama Pcath" 


Paul is a huge fan of the punk band Pajama Death. The band’s 
kicking off their US tour this week in Florida, and Paul’s determined 
to be there. Paul’s got his savings ready to blow, but he’s got no idea 
how much cash he needs to pull out of his account. 

Can you help Paul? 

Paul has $1,330 in his bank account and is willing to spend it all. 

In fact, Paul wants to bring his buddies and really blow it out this 
weekend. But how many friends can he bring? Not only that, but 
there are a lot of costs to keep up with: 


H'.l t ]' 

uu ■ 

刪 7 1 


^ke-ts 
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(more) complicated equations 


Always start with what you know 

The best way to work any problem is to figure out what things 
you know and what things you don’t know. The big unknown in 
this problem is how many friends Paul can bring. Let’s call this 
g for guys. We also know Paul’s got SI,330 in his bank account. 
Paul can spend up to that amount on the trip. 

Here’s what we know: 


Paul 



Nurwbcv- o( 
guys -to take 


But there’s still a lot of things missing. We can’t simply set these 
things equal to each other... that doesn’t make any sense. 



What else has to go into the equation to add up to the total cost 
of the trip? Does it matter how many people come? 


(parpen your pencil 
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each guy costs something 

^Sharpen your pencil 
Solution 


What else has to go into the equation to add up to the total cost 
of the trip? Does it matter how many people come? 


TKcsc depend 
\a^oy\ V>oy/ ― 叫 5 U V S 5°* 


^as is same y\o matter V>ow 
av-c m 七 V>c 乙 av. 

The dos*ts ave: hotel, -food, dhd 七 idke*ts. Some At^tr\A oy\ hoy/ 

people Corr^t) bu*t hot all of them. 




WC w 作， 


There's a COST for each guy 

Paul is going to have to spend money on gas to get to Florida. But what 
about food? Tickets? Hotel rooms? Those all depend on how many 
guys come (and Paul is one of those guys). 


So we’ve got to figure out the fixed costs, like gas, and then we’ve got to 
figure out how much each guy costs. That’s got to be multiplied by each 
guy, and added to the fixed costs. And all of that has to be related to 
how much money Paul can actually spend. 


So we’ve got something that looks like this: 


Fixed 

costs 

+ 




^ed iosh a ^- us{ . 
$ iha 七 do^£ 
l ah 9 e d ej > e ， di， 3 



tidket c-tt- 



This is flllO 

"that Paul ^ spchd. 


The fixed costs won’t change, but the total cost goes up as we add 
more guys (§•). The question is how do we figure out how much 
each guy costs? 
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(more) complicated equations 



Costs Magnets 

Now that you have the basic idea of the equation, use the magnets below to 
put together what the cost of the trip is based on the number of guys coming. 
Remember, some costs depend on how many people are there, and some don’t. 
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how much will it all cost? 



Costs Magnets Solutions 

Your job was to use the magnets below to put together what the cost of the trip 
is based on the number of guys coming. Remember, some costs depend on how 
many people are there, and some don’t. 


u . use (Pa«l + lr^d#l 

。“一 f 


A n d Neve's \i 

all add U ?^-' we «^7 > 

a 啊 e Pa«U — 吋 

eve” last n so we 尸七 / 

如 Itfl i*' ^ 


Gas 

- 

■ 


... 




^ as is ouv -the "fixed dost _ it 
does ^ ^ally r»aUev p au | 
domes by himscl-f ov i-f he 
dvams 10 people dlowh-s£y|e 
^■to his So -this siays 

hc\rc Oh the Ic-Pt 


OVCV- 


This is Why the — 十 “ 3 uys ( 3 ) is 。此 ^_... 

Xnt^ eouUowea£h ^ ato ^ 
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(more) complicated equations 


Replace your words with numbers 


Now that you’ve got a general equation, you’re ready to put 
some numbers in. You can replace the boxes below with actual 












whafs the equation? 


^Jharpen your pencil 


’ Solution 

V 。 卽卞 “ w|S ) :: 

Y as 一，^十一 


Use the specific numbers for the costs to figure out the actual 
equation for the trip. (You don’t need to solve the equation, just 
get it to a form you can work with.) 



4/ 

,, IbO + 
Add 妊吖 and Y . 

V 七外 10 


I Money Paul I 
can spend 
I ($1330) 


... MO. rt-.. 9 ，. 

HO + 午 IO a 二 \HO 

7 

‘ w e jusi did a i iU , e 6leatt 
叩-⑽ 《 this is looking like 
wc 仏 solve.... 


(bO + 50 + 100) - \V>0 

1330 … 
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(more) complicated equations 


Now solve for g... om step at a time 

You’ve got an equation (160 + 410 < § p = 1330) that can tell you how many 
guys Paul can take on his trip. Back in Chapter 1, you worked equations 
to isolate the variable. In this case，the variable is and we can use 
inverse operations to get to just g: 


have io n i n f 
说 J J 的 MO 丨 • •• 如 d owto this 
； r °+th,s ^ , 

仏丨地 … 

Well ^ccd -to yt 

i\\ai ou-t oi 
七 he v/ay "too … 


but you have to keep the equation equal! 


We need to isolate the variable (g) in this equation to figure out how many 
guys can go on the trip. But where should you start? There are two things 
you need to do to get that g buy itself: you’ve got to get rid of the 160 on 
the left side that’s added to 410g 5 and you’ve also got to get rid of the 410 
that’s multiplied by And no matter what you do, you’ve got to keep the 
sides of the equation equal. 


r 1 


\iO + 午 log 二 \v>0 





The cost equation is a multistep equation. You have to deal with both the 160 
and the 410 in order to solve for g. Which should you do first? Will you get 
different answers if you do one before the other? Which is right? 
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follow the rules 


If you follow the roles, you'll ALWAYS 
get the right answer — 


The most important part of equations is that they stay equal on both sides. 
So you could first move the 160 by using subtraction, if you wanted to, or 
you could deal with the 410^ part first by using division. So the question is 
really, which is easiest to do first? ^ 

If you try to get rid of the 410 first, you’ll need to divide both sides of the 
equation by 410. Since 410 屋 isn’t the only thing on the left side of the 
equation, we have to divide everything by 410, like this: 


SciHously... theve^ 
wv% with pitkihg ihe easy way 
out whei - ^ <ior»es h> Algebv 


b\rdi. 




evci 


\^>o + 


-1110 

^\0 


mloevs 


^ ^ to 


O^OZ + a =1 


- + + 3=1 - 0^01 

sub'tv*36't 

.O^ol -from loo-tK sides. 


二 2 ■. 映 7 


Working with 410 first was fine, but we were left with all those nasty 
decimal numbers to work with. That’s not bad, but without a calculator, it 
might be harder than it really needs to be. 

Even though you’ll get the same answers doing things both ways, sometimes 
one particular way is easier. Let’s try and work things out the other way，by 
subtracting the 160 from both sides first... 


Wken you’ve got more 
tkan one way to solve 
an eejuation, look for tke 
SIMPLEST way to work 
witk your eejuation. 
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(more) complicated equations 


Whole numbers arc usually easier 
to work with 


Instead of dividing everything by 410 and getting that nasty 
160/410 thing, let’s try subtracting 160 from both sides of the 
equation, like this: 


We i,, do i[]e 
^ -tUg ^ boih 
S，des ^ ^ 

一 See, The 
same ahsy/c\r. 


f^+ l^+ 午 

"HQ 


二 mo - i^o 

二 I HO 今 '' Sttbtvadt'mj le^t 

_ _ _ us cds'icv y\umbcv-s "to 

午 y/ov-k v/rtiv.. 




Z.05V? 


. 广 d o h |y we iy . j£k .^ 

d '^, ai ihe ehd 


Doing the subtraction first was easier, and we got the same answer. It was 
easier for two reasons: you didn’t have to deal with decimals until the end, 
and solving the equation took less steps! 

It’s not always easy to determine which steps you should do first, but the 
good news is that even if you don’t pick the easiest strategy, you can still 
get to the right solution. Just follow the rules, and you’ll get the same 
solution, no matter what order you work things out in. 



O 


So 2.8537 guys can go on Paul’s 
trip? That doesn't make any 
sense... How are we supposed to 
take Paul, one other dude, and 
.8537 of a third guy? 


Guys don’t come in fractions. 

The number for $ doesn’t seem to 
make sense. What do you think we 
need to do here? 


manipulate the equation 


thereiWCe no 

Dumb Questions 


What about the order of operations? Don’t I need to do 
multiplication and division before addition and subtraction? 

If you have a bunch of additions, subtractions, multiplications, 
and divisions all together that you need to work out, then yes, you 
need to follow the order of operations. But what we’re doing here 
is just manipulating the equation. We're keeping things equal by 
doing exactly the same thing to each side of the equation. When you 
manipulate an equation, it doesn't matter what you do first as long as 
you do that thing to both sides of an equation. 

Do I always have to solve my equations twice? How would 
I know which operation to do first on a problem? 

You don’t have to solve problems twice. We just did that here to 
show that either approach works. As for what to do first with different 
problems, well, it depends. When you have the option of doing 
addition or subtraction to get terms from the left to the right, they’re 
usually the easiest to knock out first. Then you have fewer things to 
deal with for later manipulations, like multiplication or division. 


Can there be even more complicated equations? What if 
there are lots and lots of steps? 

Equations can get really long, and well get to some of 
those later, but the general idea remains the same. You’ll need 
to determine which variable you need to get by itself and then 
manipulate the equation to get that variable alone. 

It doesn’t matter how many times you apply inverse operations or 
multiply both sides of an equation or any other operation. As long as 
you follow the rules, you’ll get the solution you’re after. 

When you start with a big long problem, do you have to 
write the problem out with words first? 

Not really. It's up to you, but using words is a helpful way to get 
the idea of the problem you're solving down on paper without getting 
bogged down with numbers. 

Writing out a problem also means you have to step back for a second 
and think about the context of the problem. 



We 5 re going to talk a lot more 
about the order of operations. 


Don’t worry if you’re still a little 
confused about the order of operations. 
We’ll be using the order over and over in 
the rest of this book. By the time you’re 
through, you’ll be a pro when it comes to 
ordering your operations. 
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(more) complicated equations 



I can bring 2.8 guys, 
including myself. Hmm. O’Brien 
you're a bio major—can I bring 
0.8 of one of you guys? 


So, you technically got a correct solution for g, but 2.8537 is 
probably not the right answer for this particular problem. Since 
Paul can’t bring 0.8 of a person, the right answer to the problem 
is actually 2 guys (including Paul). Since you can’t bring 3 guys (3 
is more than 2.85, so more than Paul can afford), you’ve got to go 
down to 2 guys: that’s Paul and one buddy. 

When you’re solving an Algebra problem, part of the problem 
is working the equation... but another part of the problem is 
keeping up with what the problem means. That’s called the 
context of the problem. Math is not just about numbers or 
manipulating equations; it’s about solving real-world problems. 




one variable, many appearances 


A variable can appear in an equation 
MORE THAN ONE TIME 

The hotel rooms cost $300. And right now, we’re multiplying that 
$300 by each guy on the trip. 


(t>0 + SO + 100) - \V>0 




But now，we need to take that $300 and separate it out. Each 
guy doesn’t have to pay $300 because 2 guys can fit into a 
room. So let’s pull out the S300 hotel fee first: 


l^>0 + 9 • (i>0 + ^6) + lOO - mo ow 如 s^oo dotsr!i 


ys ^om^- 


For every 2 guys, the room costs $300. So for each guy, then, 
the room cost is $150 … like this: 


l ^>0 + 9 • 0>O + ^6) + - lllO 


by Z -to get I^O. 


Wait - we have two g’s in the equation 
now. What are we supposed to do with 
those? Are they the same? 
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YES! If the same variable shows up more than once in an equation, 
the variable has to have the same value. A variable just represents a 
number in an equation. So each time $ shows up, it must represent 
the same value. 

In fact, since g represents the same value each time it shows up, you 
can combine terms where g is the variable. For example, 2^ + 3^ = 
5g. Let’s see how we can use that to help us out... 


(more) complicated equations 


(^terpen your pencil 


If^o + 3*(^ 1.^9 .e. 


Below is the new trip cost equation. Use the new costs to figure 
out how many guys can go if they share a room. Be careful, this 
equation will take multiple steps, and you’ll probably need to 
combine some g’s. 

M dost Wokcr. out Start 7 


y/ovk ihside -the 
^Vch-tKcscs. 


贏枷 、 c :. 


TVien solve ^oir ww'bev 


So does this answer work? Really, how many guys can come? 



There’s something tricky about this problem 
related to whether an even or odd number of 
guys come. Can you figure out what it is? 
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context is king 


i^^rpen your pencil 


Below is the new trip cost equation. Your job was to use the new 
costs to figure out how many guys can go if guys share a room. 


Ito + g • (ho + 50) + 二 1^0 

IkO + llOg + |50g = mo 

\t>o + uo 、 二 mo 

~\bO + \bO + ZtOg - mo - \bO 

ZtO^-1110 

lhO<^ -UlO 

ibo 

e 午 .5 


\ 

^[Y\d Kcv-c^ ouv v>cy/ a^SY/Cv! 


Fiv-s-t well gc-t \rid o( the 
parentheses by adding up the values. 


N 。 一 ㈣ 之仏二 


Kow, to get -tlic g by 
itscl-f, v/C y\Ctd "to divide 
botli sides by 2M). 


So does this answer work? Really, how many guys can come? 

^ v/ovks out "to be 午弓 juys, v/hitli is -tlic 乙 ovve&t answer 乙 ally ， bu 七 obviously Paul 乙扣’七 bv'moj 

hal-P d 产 vsor». ttov/cvcv-, by *tv/o people m a voorw ； r\ov/ 午 people £dr\ Corr\t instead o( jus*t 2-f 
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(more) complicated equations 


Wow - much better. So it looks 
like 4 of us can go if we double up in the 
rooms. Before I say anything to the guys, 
how can we be sure this is right? 


Always check your work! 

That’s a great question, with an easy answer. You need to 
check your zvork. It’s easy to do. Just plug your answer back 
into the equation wherever your variable appears, and make 
sure both sides of the equation come out to be the same. 



parpen your pencil_ 

Check that you got the right answer by plugging your answer 
back into your equation and making sure things are equal. 

广 suve y ou use -the 

^ «al solu-tioh ： ^.5. 

ItO + 9 • CbO + 50) + I50g =i \H0 
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always check your work 


%Sbarpen your pencil 
^ Solution 


Check that you got the right answer by plugging it back into the 
equation and making sure things are equal. 


.l.fcO+ . 9 . •. (kQ,+ <?0) + lfO^=-, BiO, 

\t>0 + ^-.5 • (bo + 50) + 150( 午 .5 ) 二 mo 


■Pla 


5.ivr+:W. 

^eT eve<r if 9 IfcO + 午 .5 (NO) + 150( 午 .5 ) 二 liiO 

ppeahr . 

. 哗.十.恍.十.印三迦 




1 ^ 0 - 1110 


. 


Checking your work proves your answer 

You solved for g, substituted your answer back in to check it, and made 
sure you got the right answer. 4 people can go on the trip to see Pajama 
Death, twice as many as when each guy has his own room! 

So now you’ve handled food, you’ve handled hotel rooms, and you’ve 
handled tickets. There’s only one thing that could turn this whole trip 
on its head... 
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(more) complicated equations 



BULLET POINTS 


■ A term is a piece of an equation. 

■ No matter how many terms you 
have, you're still looking to isolate 
the variable in order to solve an 
equation. 


■ Whether you’re manipulating an 
equation, combining like terms, or 
isolating a variable, you still have to 
follow the order of operations when 
you start to solve an equation. 


tWeicire no 

Dumb Questions 


Q/ Why did we plug 4.5 back into the 
equation when we said 4 was the answer 
to the problem? 

The numerical answer to the equation 
is 4.5. That’s the value that makes all of the 
numbers work out. But since Paul can’t bring 
half a person, 4 is the answer he actually 
needs. But, when we go back to check our 
work, we need to use the mathematically 
correct answer, 4.5. 

Is it worth taking all that time to 
check your work? 

Absolutely. It is crazy-frustrating to go 
through a whole problem and get an answer, 
but get it wrong. That is a totally preventable 
problem if you go back and check your work. 

Q/ My work looks a little different than 
the solution, but I got the right answer. 
Did I do something wrong? 

Not at all. With Algebra, you just need 
to apply the rules consistently, and you'll get 
to the same answer. The solutions we’ve 
presented are the way we would go about 
getting the answer, but they're definitely not 
the only way. 


When we isolated the variable, how 
did you know to subtract before you 
divided? 

We were trying to minimize the number 
of terms we’d have in our division. If you can 
reduce the number of terms in the equation 
by combining like terms, that usually makes 
things easier for later steps. There will be 
fewer terms to deal with. By subtracting both 
sides, we could get rid of the 160 altogether, 
and only have to divide one term by 260. 

What if I miss combining a term? 

No problem. As long as you manipulate 
the equation using the rules properly, you 
will not get a wrong answer... but your 
problem may get more complicated. 

If you do start to feel like you're going down 
the wrong road, don’t feel like you have to 
keep going that way. Just go back to your 
original problem and start over. 


How can this be math if there is 
more than one way to do the problem? 
Isn’t there supposed to be just one right 
answer? 

There's a big difference between “one 
right answer” and "one way to get there.” A 
big part of mathematics is that there are 
different ways to solve problems and still 
arrive at the same (correct) answer. 

For example, you could do away with 
multiplication and just use lots of additions. 
But using multiplication is another way to get 
to the same answer. Different problems will 
need different techniques, but you should 
always end up at the same place when 
you’re done. 

Atgfetra is atout 
solving : for an 
unknown, tut it’s also 
aLout making smart 
ckoices about liow to 
get to tkat solution. 
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manage pajama death 


ft! 


This is your chance to look at some problems, write some equations, and do some manipulating. 



Pajama Death’s Profit 

This tour for Pajama Death is pretty important. They make most of their money 
on the road (the music industry is a tough business). The deal Pajama Death 
has with the record company is that they get the same percentage of profit from 
all of the different revenue they make on tour. In order for the band to make 
$15,000 a show, what is the minimum percentage of the revenue they need to 
get from the record label? 


Touring Revenue 

1. Avg. Food Sales—$17,000/night 

2. CDs (sold at the show)—$10/each, 100 per show. 

3. T-shirts—$15/each, 800 sold per show 

4. Tickets—$50/each, 4,000 seats per venue. 


/\ o-f Kmts ： a 

W.11 \>t a detWaUv ^vattior. m 

av\ o 

v-cvcr,uc Will Kavc same 
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(more) complicated equations 


Pajama Death’s Loss 

One of Pajama Death’s concerts got a little out of hand, and the venue has fined 
them $3600. They are charged the same amount for each problem (broken fan, 
bartender that resigned, etc.), but the band needs to know how much that per- 
incident amount really was. 

Figure out how much they were charged per incident. 


Concert Incidents 

1. 4 ceiling fans were broken 

2. 3 guitars lost their necks 

3. 2 bartenders quit to become roadies 
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one problem, many approaches 



This is your chance to look at some problems, write some equations, and do some manipulating. 

Touring Revenue 

1. Avg. Food Sales—$17,000/night 


2. CDs (sold at the show)—$10/each, 100 per show. 

3. T-shirts—$15/each, 800 sold per show 

4. Tickets—$50/each, 4,000 seats per venue. 


are tacM TV> e Ual W>ll,s all the e^u ； 

iW ioial «ve,ue tWes \ 

listed f Food Profit = 17 , 000-P ? e ^ enia ^ 」 

Q ? CD Profit = 10 • 100 • P 咖 T ‘rU W fctkf^ ave 

/ T - shirtProfit = 15 • 800 • p ^ tnfS wO' e 

i Ticket Profit = 50 • 4000-P _ , 


Wc used u p w (or 
pcv^ch-tagc, ahd s\ut 

its the same (o^r ea 匕 h 
SOUVdC o( VCVChUC, it 
is ih dll "the C^u^tiohS. 


T-shirt Profit = 15 - 800-P 


I 灼 i\\t pv-oklcr?K- 
statcrw 饮七 

•• 七 said 七 ha 七 
{\\t^ v/atvt "to 
m ak e f 15,000 


OV mOVC- 


Total Profit— Food Profit + CD Profit + T-shirt Profit + Ticket Profit 

、 \ l / / rC 

15,000 = 17,000P+ 1,000P + 12.000P + 200,000P . W ㈣ 

1^" easievi '^ s 'i 

15. 亂 = 17, ms + ime + i2,om + 2oo,me 

'lDoe-~ 'loe& '-feea 如如 

15 = IIP + 1P+ HP + 200P^ These a« all m W»«s oUkcr a l£m 

W P,” SO iv>ev ave like ievr«s 

ic_oonn 1 


15 = 230P 
^5_=2§0P 

230 ~^0~ 

1_P 

230 

0.0652 = P 
6 . 52 % = P 


Isolate *tV^c 
vav'tablc 
d'w\d*»^ l>7 


Convert *to a 
dcd^al, a^d tV^ 
a ^>cvC.c^*b- 



^Relax 


There are a 
few ways to do 
this problem. 

You may not have divided 
by 1000 or added up all 
of the terms first, but they 
should all get you to the 


same answer. 
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(more) complicated equations 


Pajama Death’s Loss 

One of Pajama Death’s concerts got a little out of hand, and the venue has fined them 
$3600. They are charged the same amount for each problem (broken fan, bartender 
that resigned, etc.), but the band needs to know how much that per-incident amount 
really was. 

Figure out how much they were charged per incident. 

Concert Incidents 

1. 4 ceiling fans were broken 

2. 3 guitars lost their necks 

3. 2 bartenders quit to become roadies 



2 * 衰 : J ioial of 


Ax+ 3x + 2x 




Use 


9x- 

% : 

... 仏⑶ wc divide 

sides by ”... X - 


Now £.hc£.k you\r v/o\rk by plugj'mg youv 3r\sy/c\r bd£.k m... 


3600 
3600 & 
3600 


Sih ^ ^ viable is , 


400 


4 ( 400 ) + 3 ( 400 ) + 2 ( 400 ) = 3600 
1600 + 1200 + 800 : 3600 
3600 = 3600 
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multi-variable equations 


Whaf s a road trip without some girls? 


You’ve figured out how many guys can come, but what about girlfriends? 
Paul doesn’t have any more money, so if girls are coming，Paul can’t bring 
as many guys. Not only that, but girls might not cost as much as guys to 
bring... 

So there are a few things we’ll need to change with the equation to add 
girls to the mix: 

- Girls don’t want to share a room with a guy^they’re going to 
need their own hotel rooms. 


I want to go too! And I’m not 
real excited about being the 
only girl, so I want to bring 
some friends.. 


- Girls only need S30 for food. 

The problem we have is that our current equation multiplies the number 
of guys coming on the trip by their costs: 


Fixed 

costs 

+ 





与 ㉝ 

amovAnt Wc xo 



This is Paul’s 
giirl-fv-ichd, 


Wc need another variable 

Since girls have a different cost associated with them, we need to treat them 
separately in our equation. We’re going to have to introduce another variable. 
Let’s call this variable r for girls (since g is already taken...). Now our equation 
looks something like this: 


Fixed 

costs 

+ 


■ 


guys -to take 




givls -fco take 



Mov\ty Paul 
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(more) complicated equations 
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there are girls now 


^Sharpen your pencil 
^ Solution 


V\/c d»d icrr^s alvcad^ TVjcy ^ 

J l ^ 

FW + [^\ . 

cosrts mM I 5 \ 


guys -to take 


Use the information about cost per guy and the information 
about cost per girl to write up the new equation we need to solve 
to figure out who can come. 


These avc -the same type o( cosis 4v 
the giv-ls, just some di-Pfcvch-t values. 

I v,. 


P er ■ r 



『 Cost ， 
per girl 


9'htIs -to take 


^1330 


A^Wy Raul 
tav\ spe^d 


今 as + 5 • (-food + tidee 七 pv-itc) + 3 • (lio-tcl/Z) + v • (food + + v • (lio-tcl/Z) — fIZZO 

；；；；；；；；；；；；；；；；；；；；；；；I 

饮 仏 1 s . \,as -to be or!i r- 


The e^aW vealiv' 

一二色 j ttst 々十 n 

an additional vav-ialole> J 


l>0 + g • (^ + 50) + |50 3 + v • C}0 + 50) + 150 r =1 | 好 p. 


ItO +.II0 9 -H^Og + 0Ov +.|50v =1.1^0 


W^e« ^ tomu 

七 M ,s arv 


tomlame jwv- 1^0 + + XiOr - \1>1>0 all i ， 

. 9 . 。‘ 


Aj^O +. I/O +. 7-bO^ + ZlOr = 1 . - lt>0 


Zt0 9 + Z^Ov .=■ I HO 
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(more) complicated equations 



O 



Two variables seem to be a problem, but it’s something we can handle. 
Just think about how you worked with one variable. You put together a 
equation to say how things relate to each other in terms of the variable. 

So with just guys, we were putting the cost of the trip in terms of the 
number of guys going, the 茗 variable. Even the individual parts of the 
trip were that way, like how we figured out the cost of the hotel: 


- CaSf Tip Cl<sS6 

How <^T 

will be 

WteU 、 HotelCost = GO 发 

...m W 




The hotel costs are in terms of guys. The base 
hotel cost is $ 150, then for each guy that comes 
along the total hotel cost goes up by that amount. 



Hmm - how does this relate to 
combining like terms like we did earlier 
with g's and r's? 


Great question. For that, we need 
to talk a little bit more about what 
exactly a term is... 
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terms are algebraic chunks 


A term is a chimk of ⑽ algebraic equation 

It’s important to make a distinction between a variable and a term. A variable is some 
letter we use to stand in for something that’s unknown: g for guys, r for girls, etc. A term, 
on the other hand, is just a piece of an equation. So, the equation 6 客 + 10^ = 32 only has 
one variable, g, but it has three terms: 6 屋， 10 客 ， and 32. When we talk about combining 
like terms, it just means pick the terms that have the same variable, 6^ and 10 客 ， and 
combine them: 6^+1 0 黑 ， so 16^. 


But how do you figure out how many terms there are in an equation? They’re held together 
by multiplication (or division). So, 606 is a term, but 60 + 6 is two terms. How about 
3 (<jt+ 2)? Well, that’s just one term. Everything is glued together because everything is 
multiplied by 3. 

〃ln terms of" is the secret to multiple variables m m equation 


In Algebra, a lot of expressions have multiple variables. The most common 
equations you will see in multiple variables will be x and j;，even though in our 
equation, we’ve got 屋 and r. 

When you get into multiple variable equations, this is where “in terms of” 
really starts to matter. If you have an equation in two variables: 



It’s much easier to work with if you get one variable “in terms of” the 
other. That makes substitution possible. 




An equation in two variables establishes a proportional relationship 


between the two variables. 


A single equation in two variables can not be solved without an 
additional relationship. 






Sum it up - 

Tcv-m - A ficdc o-P diY\ s*ta*tcmch*t 七 is 
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(more) complicated equations 


C% 


令 


-命 ★ VI AT * 冬从 V 寶^費，备 《 轚，- 

Match each equation to a description of which variable is in terms of 
which other variable. Some equations have two correct answers, and 
some descriptions will be used twice! 


T= 15J-45 + 2 2 


h - e = a 12 


Q 


f- r : 




(r-6) 2 
^ 8 


Can be simplified to variable f \x\ terms 
of variable r 


Variable Q,in terms of variable x 


Variable h in terms of variable < 


One variable is not isolated (yet) 


/?-5 = 4 + 12-| 


Variable T* in terms of variable d 
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in terms 





BULLET POINTS 


■ Keep in mind that “in terms of may 
be all you need when solving a 
problem. 


■ Break a large problem into smaller 
pieces to make it easier. 


■ You need to fully understand a 
problem before you do anything else. 

■ If you have constants in your 
problem, you can use the actual 
number or use a letter to stand in for 
it, if that makes things easier. 
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(more) complicated equations 



What’s the relationship between 
guys and girls? 

From what we know about multiple variables in 
an equation, we have to find another relationship 
between guys and girls (g Sir) in order to get any 
further with Paul’s problem. To make things fair ， 
let’s say that we have to bring the same number of 
guys and girls. That’s a new relationship! 

If we say we have to have the same number of guys 
and girls coming on the trip, then we can say g—r. 
Once we say that, everywhere you see an r, you can 
substitute in (since they are equal). Suddenly the 
equation looks a whole lot more solvable... 



(^harpen your pencil 


Finish up the road trip equation, and solve for 茗 . Then 
solve for r. 


UP^+Z^Qr.^.UlO 



.如卜 .. …… 


C) 山 do a*w\s\o^ -to 

..less. .. 
a person, 咖七 ?) 
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what's the context? 


c^terpen your pencil 


Yor job was to finish up the road trip equation, and solve for 
g. Then solve for r. 


2.^03 + bov - =； 1170 




>3. 


二 WlO 


Y]o 


Z3 av\d v- — Z3 


Wfe orvlv sKoy/ ov\t decimal bu 七 *tV>e 
•full a^sy/cv- is Z^T7^I02-.- 


6o.m batk b> ihe 心 3 二 r 代 laW_, you also ^ 
滅 ' 二 H Thai calces sewe, betause iV,e b>ia\ «一吖 
oU + v is still just like v/Ker. it v/as just ^s. 


there-iWCe no 

Dumb Questions 


Why did we only write part of the 
decimal, and not the whole thing? 

Because for this problem, we can 
only bring whole people. You could round 
down to the nearest whole person and 
just show two decimal places, but to avoid 
confusion, we used one decimal place. 
Remember to always think about the context 
of the problem. The math might work out to 
2.387755102 people, but who really wants to 
be that .387755102 part? 


So can we just say that g = r? 

Sure, because that’s the second 
relationship (equation) that we were given 
for this problem. It was part of the problem 
statement, and we just worked with it to 
solve our initial equation. Knowing that 纟二 r 
means that you can substitute g back in for 
r in the original equation and then solve for 
one variable. 


Can it sometimes be the end of the 
problem if you don’t have a number? 
What if you can only get an equation in 
terms of two variables? 

Depending upon your problem, that 
may be all you need. It’s another case of 
needing to think about the entire problem, 
not just the equation. The goal may just be 
the proportion of the variables and not a 
numerical answer. 
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(more) complicated equations 



Hey, we've got to get going. I 
have enough money to bring 4 of 
us. Ifs me, O’Brien, Amanda and 
her best friend! 


%ad Trip! With a little Algebra, you’ve figured out 
how many can go and how much the whole thing is going to cost. 
Pretty impressive. Now there’s just one more thing to sort out... 


Kh-fo^uhately, -this is a 
















simplify these 


(^terpen your pencil 




Simplify each of these mathematical expressions and combine like 
terms. So remember that a term needs to be held together only by 
multiplication or division. 


6 + 5x- ^0y 2y - 2x + 3y - 4 


2x(y- 1 ) + 4 - 


-3xy + 4y(x - 2 ) - -^-x 


^x ^^ xy _ 4 2 + 士 - 去 x- 0_75x- 2_y 丁你 OT , e 

•、 s 


3 ㈣ + 32 -(l^2j + 《- 























(more) complicated equations 



Multicross 

Take some time to sit back and give your right brain something 
to do. It’s your standard, crossword; all of the solution words are 
from this chapter. 



Across 

2. Use ..... to check your work. 

3. Plug your answer back in to "… it. 

4. Equations express a relationship in.some 

variable. 

5. Tells you what you're looking for and what you need to find it. 

6. A piece of an algebraic statement lumped together through 
multiplication. 

7. When solving a problem, it’s always important to think 

about. 


Down 

1. More than one variable. 

3. You can do this to like terms. 

4. In order to solve an equation, you have to do this to the 
variable. 

6. An absolute value equation typically has this many solutions. 
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simplify the expressions 


r^terpen your pencil 


Simplify each of these mathematical expressions and combine 
like terms. So remember that a term needs to be held together 
only by multiplication or division. 


2r 


6 + 5^10, + 2,-2, + ^-4 2,(,-l) + 4- 2 

z + . …麥 

di5tvib.u-tiy-c. 


dr 


v isioy, 


3 ^ - 弓 y 


fv-opc\rty 


Zyy - 


-3xy + 4y(x - 2) - -y-x 

+ 午 y ( 乂 - 2J - 午 x 
+ l ^ S ~" 召 y - 午乂 

% -午： 

- 午乂 





.午 

午 


"the 

Property 


This is m>*t a like tcv-m y/itK x. 

bemuse is 扣 addrbio 於 al 

vaviaklc (y) m -b^c "bev-m. 

^^-xy - 4 2 + i - Q.7Sx-2y 

Cohve \ r"t 心 a 
-fv-a^tioh 


^ l - 俨 + 士十-音乂 -2 -y 


3(36 '^ ) + 32 '(10^2) + ^ 


-iy 

cy.po^c^'t 






^avcvxs 

l>(.Vo - g) + + ^ - 10 


^jp~A -i fc + - - z y 


divisioh 


c%po^cy>*t 〜 

鄉 -—+ ^ - A + 9 _ |0 


- . . . • 


_ 中 ? 卜 、v 〆 2 - — 


% - Z 9 - ^ 
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(more) complicated equations 



Multicross Solution 

Take some time to sit back and give your right brain something 
to do. It’s your standard crossword; all of the solution words are 
from this chapter. 
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algebra toolbox 



Tools for your Algebra Toolbox 

This chapter was about solving 
more complex algebraic equations. 


% 


BULLET POINTS 


■ No matter how many ■ 

terms, you’re still looking 
to isolate a variable in 
order to solve an equation. 


■ The order of operations 
says what order you 
should work on things. 


■ You'll need one 
relationship for each 
variable in your equation in 
order to find an answer. 


If you have constants in 
your problem, you can use 
the actual number or use 
a letter to stand in for it if 
that makes things easier. 

A term is just a piece of the 
equation held together with 
multiplication or division. 


■ Make sure you’re dealing 
with the same terms when 
you combine parts of an 
equation. 
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rules for numeric opercttfons 

4 Follow the rules 


Sometimes you just gotta follow the stinking rules. 

Yes, there comes a time in everyone’s life when mom and dad are out of the picture, 
and there’s nobody making you clean your room or surrender your cell phone until your 
homework’s done. But when it comes to Algebra, rules are a good thing. They’ll keep 
you from getting the wrong answer. In fact, lots of times, rules will help you solve for 
an unknown without a lot of extra work. Leave your dunce cap behind for this chapter 
because we’ll be following a few handy rules all the way to a perfect score. 



this is a new chapter 







be the judge 


Math or No Math 

It’s the quiz show that’s sweeping the nation —— Math or No Math. This 
new primetime hit pits two contestants against each other, struggling to solve 
math problems. It’s easy to find contestant, but Math or No Math needs 
help. They don’t have any judges to figure out if contestants are getting the 
problems right! That’s where you come in.... 

You’ve been brought in to judge this week’s show. Good luck... 


Problem *\: 


|-f youVc y>o 七 suvc about 

-to 乂 " 




Botk contestants kave alreacty 
weigfkect in witk tkeir answers. 
But wWs rigkt? 
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^ BE . jWg& 

/ Your job is to judge yvkut Kate and 
Jack did. Mark up Aeir work step by step 
to showKowiliey eacK ^otiieir answer. 



The on^mal eK.?v-ess'io« 


2 + (2 + 4) + (6-3) z -5 

Weve’sV^ 

恤 $ 、2 

2 + (G) + (3) -5, 







2 + (2 + 4) + (6-3) 2 -5-(^^) 

^ 10 1 tW， Sw hat 

^Jatk did. 

q + (fc - 3)2 _ 5 _ (^^) 


2 + (G) + (3) 2 _5-( 士 ) 


& + (G - 3) - 5 


2_〔」2 + 3 、 


2 + ⑹ + 9 - 5 -(7) 


VI-3 2 -: 


8+ 9-5-(^) 


Sec ㈨ 她. 


瑪 A rlgjif? 


(Circle one) 


' 2 ' 十(穿 
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who won this round? 


Your„ „ 

Jack did. Mark up Aeir work step by step 
to showKowiliey eacK ^otiieir answer. 


>E fJi^jWge s©]ug©n 

four job is to judge yMt Kate and 
i Mark i 





rules for numeric operations 



How come Kate's right? 
Who says? Jack's answer 
makes sense too! 


Kate is right because Kate’s answer 
follows the rules for working with numbers. 

Kate solved the expression properly because she used the 
order of operations. She got the correct answer because 
she followed that order~~which is really just a rule for 
working with numbers^precisely. 


If you don’t follow the rules 
nothing's going to work out 
the way it’s supposed to. 


O 


Jack DIDN’T follow the rules, so Jack 
got the wrong answer. 

Jack worked his problem from left to right. That seems 
pretty logical, but since that’s not what everyone else 
doing Algebra has agreed on, he’s not going to get the 
right answer to problems. 

Equations and expressions are written to communicate 
an order. That order needs to be the same for 

everyone who works with the expression^ or 

there wouldn’t be any right answers. Hello math chaos! 



au*tW 七 7 


You need to learn and use the order of operations to 
solve problems, and that’s what we’re going to do next. 
That way, you can be sure you —— and the Math or No 
Math contestants —— are following the rules. 


Tke orcter oi operations is one 
oi tke ways everyone can get tke 
same answer to tke same problem. 
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there’s order to algebra 


There's aw order for working expressions 

The order you’re supposed to work with numbers in a math expression is called 
the order of operations. If you always follow the order of operations, you’ll 
get the same answers to problems that everyone else does. Here’s the order: 



Tlte Prefer Of Operations, 

Plrentheses \ / 

Parentheses include everything that is grouped in the expression 


V® u -to wovk tKvough 
3hd dll of those pieces 
simpli-f ied ^ivst a^d wvi-tc 
those dowh. 


2 + (2 + 4) + (6 - 3) 



Q . avealU^o,s 




TK'is is 

a^d Jack's 厂 

^^Bonents 

Everything in the expression that is raised to a power, any power (that 
^^Hides roots, too). 

TKis is ay> /Vf*tcv ms'»dc 

2 + (^) + (3^0~ 5 ~\~t) 'pavcy\*t^cscs, t^oY\tv\ 

y^ccds b> next 


Multiplication & Division / _ 诉 UaW 一 

^ art -tKc t%att opposite o-V 

These operations are equal in order, so work left to right, simplifying both 。七 hcv, so *0^ ave 

multiplication and division parts of the expression: sdm\t w s-tvc^^"t^ W opcv-at»o^. 

Wi do^i Kavc mul-t'ipl^atiov> 

OV division -fov 七 Wis probl，SO 2 + - ( + ) 

Y/e leave i\\t c%fvcssiov> as-is. ^ ' 



^■dition & Subtraction 

Aldition and subtraction are equal in terms of the order, so work from left 
Wright doing all the addition and subtraction. Once you’ve finished that, 
the expression should be simplified. 


Addi-tioh f sub£ 從七 “ 
also opposi-tes. 


2 +( 4 )+ 9 _ 5 _h) . n i -n 
— —— 2 炉卜 々 'H 扣 

Work v/hats still "tlicv-c lc-r*t "to the wcakes-fc opewtiohs 

50 30 last ’ 
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Matk Magnets 


Time for a little extra judging. Below are several problems that are 
partially worked out. Your job is to figure out what the next thing 
to do in the problem is. Use the order of operations, and place the 
correct magnet for the operation you’d do next. 


For this o, e , is the -f ivst you do 

■mside the parentheses? 

V 

( 6 - 3-2 + 4 2 ) 


What goes next? 


12 


(!) 


What goes next? 


- 0.4 + 0 . 1 ( 6 + / 9 ) ； 


inside 


(12 + 13) 1/2 
6 

( 25) 1/2 + ' 


TW,so, e -.s-tntkV-^7ou, 

’ w, a 句 。 d 


3 












magnet solutions 



Matk Magnets Solution 

Your job is to figure out what the next thing to do in the problem is. 
Use the order of operations, and place the correct magnet for the 
operation you’d do next. 



(12 + 13) 1/2 + 7 

了 


(25) 1 : + 7 3 。《 "(W betake 
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rules for numeric operations 


thereicire no 

Dumb Questions 


Where did the order of operations 
come from? 


Do inverse operations always go 
together in the order of operations? 


It was established by early 
mathematicians (geeky people who do 
Algebra for fun) who were trying to compare 
their work. The order let those folks talk to 
each other and get the same answers for 
their problems, which is a pretty big deal. 


They do. Addition, subtraction, 
multiplication and division are pretty 
straightforward. Exponents and roots are 
also inverse operations. 

Do I have to memorize this? 


Why did the order of operations get 
set up this way? 

The strongest operations go first. 
Parentheses are a way to say, “Do this first!" 
Then, exponents, and then multiplication and 
division. Finally, addition and subtraction. 
And we work on what’s what’s left by moving 
from left to right because that's the way we 
read. 


Are roots exponents? 

Yes, which means that they go second 
in the order of operations. If you need a 
refresher on the details, just turn to the 
appendix, where exponents and roots are 
discussed. A root is just an expression raised 
to a fractional power, like 1/2 or 1/3 (for 
square root and cube root respectively). 


Yes, but if you just think of the 
operations going in order of strength that 
should help. 

Do I need to reduce fractions right 

away? 

The fractions are up to you. If 
you want to work with large numerators 
and denominators, you can (but it’s not 
recommended). 

So are fractions really division, or 
can you leave fractions alone? 

Both. In the case of a fraction, you’re 
not changing the value of the number, just 
how it’s expressed (1/2 vs. 0.5), so you can 
work with it either way. If you want to divide 
your fractions to get a number like 0.5, you 
can... or you can leave fractions as they are. 


When can you drop the 
parentheses? Do they need to stay after 
you did what was inside? 

That’s up to you. Just like the fractions, 
when you’ve combined whatever was in a 
set of parentheses and you’re down to the 
most simplified form, you’re done. Some 
people like to keep the parentheses to 
indicate multiplication or to clarify exponents, 
but it’s not required. 

Q/ This seems like a lot of steps. Is it 
hard to keep track of all this? 

A. 

It can be, that’s why you should write 
down your work as you're solving a problem. 
In fact, since Jack wrote down his steps, we 
were able to figure out where he made his 
mistakes, and why he got a wrong answer. 


It’s a gfooct ictea to 


write down wkat 
your expression looks 
like at eack step. 


You can keep track 
oi wkat you diet anct 
ckeck your work. 
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back to the game... 



Pack to Math or No Math... 

Here we go: it’s time for round 2. The rules have changed a 
bit, too. Now contestants get one point for getting a problem’s 
answer right, and another point for getting the right answer 
first. So speed is definitely a factor. 

Let’s see how Kate and Jack do, especially now that everyone 
knows the order of operations... 


Problem # Z: 
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rules for numeric operations 




mi 

TO TO TO ^\o 


5 5 

(Circle one or both) 

Kate Jack NeHier 

(Circle one) 

Kate Jad 


A3 + i5 
\0 \0 

58 

AO 




Fractions are in the 
appendix. 


Rusty on fractions? Just flip to the 
appendix in the back for a little help. 
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kate wins again 


^ Your_ _ 

/ Jack did. Mark up Aeir work step by step 
to showKowiliey eacK ^otilieir answer. 


>E f^jWge/ Stiffen 

four job is to judge yMt Kate and 
iMarkt " ^ 


Kate 9 s Work 


Ka 七 c started 
to^trh^ 
c vcv7*tWm5 
•to ^vatt»oy\s 

v\^*t a … ay … 



+ .6 + 


aU 〒 CS ⑽ (i + .6) + i + (I.8) + I 



Jack’s Work 


•» ed Tik ). 全 


2 


she " 
vcovdeved wha-t 
was Ic-Pt {jo gc-t 

xhc dorvtmoh 
dchomma-tov-s 
"tojethev-..... 


+ ^-+^-+ J 


m 




Ov\t 相。代 
v-covdev'^ 

ay\d sV^C ^3^ 
add W '^士 
W n\>ers- 


、2 

OatWs ^ot 

\t 一 一 / ' 

? ave«tV>eses M 

以 vst so V»c \ l 

«eeds tommO« r 
(ienom.m 如 '^./. c 


5 1 12 


+ ^ l + ^ + 




'2 


，AO -^0/ + 5 + \2 


'2 


l^lo'N 'tV'C 


Heses avc '' 2 


o 

more to^o^ 
(iervowvma'toys’ 


AO AO 


2 


m 备 


(Circle one or both) 

r T^e7 to-t^ 


Jack 


Reduce ih e 
^d-tioh ahd 
i-t pv*op 饮 


A3 + i5 

\0 \0 

5 & 

\0 



"K^e) 


NeiAer 


(Circle one) 
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•f^s-tev- — she saved 
o^c\r Jadk. 





rules for numeric operations 



O 


What? Kate totally blew off 
the order of operations, but 
got the right answer. What’s 
that about? 


There are properties as well as rules. 

Kate didn’t ignore the order of operations; she 
just used some other properties of numbers first. 

Kate used the associative and commutative 
properties to work with her equation, and then 
applied the order of operations. 

Properties like the associative and commutative 
properties are really just another type of rule... and 
you can apply these properties before, during, or after 
applying the order of operations. 



Go back and look at Kate’s work. Circle where 
you think she used a special property. Don’t turn 
the page until you think you know where Kate 
did something sneaky. 
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re-group your eqt/af/ons 


You caw re-group your equations 

The associative property lets you change the grouping of 
numbers in addition or multiplication operations. Suppose 
you’ve got a bunch of numbers you need to add. You can 
change the groupings of those numbers 
In fact, that’s what Kate did: 


Kate 9 s Work 


☆Wed ihe assotiatwe 

{ff ? avts o-f hev \>roble 你 . 

So S^c worked VrbV> 

trst and a»a 、 


2 + 5 + 5 + l2 ,8 ) + 2 


i + [rtr^i 


What’s going on here? Because all of the opemuon^^^aamon^ 
the parentheses don’t affect the outcome. The associative property 
says that when you’re performing addition or multiplication, 
grouping does not affect the outcome, so you can regroup those 
types of problems all you need. 

You can take a problem like 10 x (4.2 x 0.225) and reorder it 
to something easier, like (10 x 4.2) x 0.225. It’s much easier to 
multiple things by 10 than 0.225, so it’s better to rearrange the 
grouping of this problem some. 


Sum it up 



The A ss <>dia*tivc Pvopcvty - 
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(^terpen your pencil 


Here’s your chance to put the associative property to work. There 
are two expressions next to each other, regrouped for you. Do the 
answers come out to be the same? 


We've alv-eadY dKanged tV>e yoking ^o<r 
you — see Koy/ i*t v/ovks bo*t^ v^y s . 



臺 (9.2 卜 s. (1.9)2 


Are the answers the same? Are the answers the same? 


Yes 

No 

Yes No 

12-(5-3) vs . 

(12 -5)-3 

12 + (4 + 2) (12 -4)-2 


Are the answers the same? Are the answers the same? 

Yes No Yes No 


Why did the answers come out the same for some of the problems and not for the others? 
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associative practice 



Your job was to solve both sets of problems, see if the answers 
came out the same, and figure out why you got the results you did. 


(!4 卜 

(il + 去 ) + + 

一厂 ’ 

1H) 

士 + (•) 

Rcjv-ouP'm^ - 

bo*bV> of 

■b^ese docs 

ihcVMMB 

o( "b^c 

|(9.2) 

士⑽ 

Nv 

(r 9 ) 2 

⑶ z 

(io) + i 

il + 鲁 

solution- 

i 

b 

To + B 

il + il 










Are the answers the same? 


Are the answers the same? 




""" Tlicsc *bwo av-c ’ —^ 

No saw -如 associative 
pv-opcv-tY ^orVs Kcvc- 


No 


12 - (5 - 3) vs . 


(12-5)-3 ^LTSll'/ 

Cl) - 1> vaWc 

. 如 . 


} 0 _ :% •…. 十 

- "t^osc dor / 七 matdVv 
Rcjv-oupmj iicVc didn't' work' 



12 + (4 + 2) (12 + 4) + 2 

IZ r (Z) (I) r Z 



丁 his didn’t v/ovk cithcv - the 
assodi'a-tivc ^'opc'ir-ty Kas' some limits? 


Are the 


answers 

Yes 


the same? 

CS) 


Are the 


answers 

Yes 


the same? 

($> 


Why did the answers come out the same for some of the problems and not for the others? 

乙 "the gv-ouf'mg (or dddi'tioh or mul*tipli 乙没 tioh 一 bu*b i"t doesr/*t work (or division 3^d sub"tvat*tior\. 
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rules for numeric operations 



The associative property only works for 
addition or multiplication - NOT subtraction 
and division. 

This means you cannot regroup subtraction or division 
problems without changing the value of the solution. You 


have to solve expressions with subtraction and division as written. 


there-, eae no 

Dumb Questions 


So do we need the order of operations 
or not? 

Yes - the order of operations 
(parentheses, exponents, multiplication & 
division, addition & subtraction) is the order in 
which you need to simplify a problem. With the 
associative property, you are not changing the 
order of operations—you'll still do parentheses 
firstyou're just moving certain parts of a 
problem around. 

What’s the point of the associative 
property anyway? So what if I can move 
groupings around? 

The associative property means you 
can work through an expression in the easiest, 
fastest way. Grouping together fractions that 
are easy to work with saves tons of common 
denominator time, and you can do the same 
thing with decimals, too. 

Grouping things in terms of how you want to 
work on them can sometimes help you get 
started on a tough problem, too! 


Are there more properties? 

Yes - we’re going to talk about two 
more in the next few pages, the commutative 
property and the distributive property. The 
commutative property lets you reorder items 
in an equation. The distributive property helps 
spread multiplication and division out across 
the equation (or pull it together into a single 
term, but well get to that later). 

So the associative property lets me 
change the order of numbers, right? 

No-the associative property just says 
you can change the grouping of numbers that 
are added or multiplied. But you can’t change 
any orderings, or move numbers from one part 
of your problem to another. 

However, all is not lost, There is a property that 
will help you out with ordering: the commutative 
property. Once you get that figured out, you’ll 
be able to reorder and regroup. Keep reading... 


Tke associative 
property says 
you can ckangfe 
groupings in 
actctition or 
multiplication, 

tut VQT witk 

subtraction or 
division! 
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re-order your problem 


O 



It looks like Kate did more 
than just re-group things... she 
re-ordered things too. So is 
there a property that lets you 
move numbers around, too? 




You can re-order numbers as well 
as re-group them... using the 
commutative property. 

The commutative property deals with the 
order of the terms in addition or multiplication 
operations. The commutative property says 
that you can add the numbers involved in 
addition operations or multiply the numbers 
in multiplication operations in any order 
and not affect the value of your answer. 



Sk moved the whole humbevs 
ahd she didh't have 

"to mess dvouhd wi-fch impvopev 
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A bunch of equivalent expressions, in full costume, are playing a 
party game, “Who am I?” They’ll give you a clue, and, based on 
what they say, you try to guess what property they use. Assume 
they always tell the truth about themselves. Fill in the blanks to 
the right to identify the attendees. 

Tonight’s attendees: 

Any of the charming properties you’ve seen so far just might 
show up... and they may even work together! 





What property was used? 


(15 +14) + 2 


2-8-16 
(3,4) + (l + l) 

5(0.5.0.12) 


is equivalent to 
is equivalent to 


is equivalent to 


is equivalent to 


15 + (14 + 2) 
8-2-16 
(| + *) + (3.4) 
(5-0.5)0.12 


127(16 - 0.177) + 16 + (4 + 0.23) 

is equivalent to 

0.177(16 - 127) + (16 + 4) + 0.23 


BULLET POINTS - 

■ The associative property says you can move 
parentheses around in addition or multiplication 
expressions without changing the answer. 

■ The commutative property says you can change 
the order of the terms around in addition or 
multiplication without changing the answer. 


You heed 

你 one -Pov 
如 rt^ih pvoblcrws. 


You can’t use the associative or commutative 
properties with division or subtraction. 

The order of operations always tells you what order 
you need to work through an expression. 
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property roundup 


A bunch of equivalent expressions, in full costume, are playing a 
party game, “Who am I?” They’ll give you a clue, and, based on 
what they say, you try to guess what property they use. Assume 
they always tell the truth about themselves. Fill in the blanks to 
the right to identify the attendees. 

Tonight’s attendees: 

Any of the charming properties you’ve seen so far just might 
show up... and they may even work together! 


I? 

/ Solution 


: What property was used? 

4 ) 

(15 + 14) + 2 is equivalent to 15+(14 + 2) The associative 切 

is 亡 

2 • 8 • 16 is equivalent to 8 • 2 • 16 .Tb?. .pv.'RP^.iy 

Ws a 1 糾“，严，巧:匕” ?S 

(3.4) + (| + |) equivalent to (| + |) + (3 • 4) TKe £o _^ ve 

丁 he paveAeses moved, W-t 
else d'.d：^^ 6 - 

5(0.5.0.12) is equivalent to (5 • 0.5)0.12 .Ih e . a . sso£ . ,a .i: ve .. 


127(16 - 0.177) + 16 + (4 + 0.23) 

/ X -- - * 

is equivalent to )fW,— 氕 0 叩|吒 fiha«g ec |... 



bo{\\ -the associative ar\d 
jC.orwrwu.ici.iivc. properties 


0.177(16.127) + (16 + 4) + 0.23 

^__ _ ...Wt so did 呼. 
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Pvo^cvtics B^qposcdi' 

This week’s interview: 

The associative and commutative 
properties - who does what? 


Associative Property: Hi, commutative. Is 
everything all right? You look a little mixed up. 

Commutative Property: Ha, I get it. Mixing it 
up is my specialty. If you have some additions or 
multiplications, I can move the numbers around 
without causing any problems. 

Associative ： Nice. I work with addition or 
multiplication too, but I’m not allowed to jiggle 
numbers around. I just work with parentheses. 

Commutative ： Wait, aren’t parentheses the top of 
the food chain in the order of operations? 

Associative ： Yes, and that’s who I work with. 
There are strict rules, though. I can’t mess with the 
order of operations or change the answer, so I can 
only move parentheses around if they are all around 
additions or multiplications. 

Commutative ： Yeah, I have the same rules. I can’t 
change the answer, so I can only reorder numbers 
in addition or multiplication, too. I guess you’re not 
allowed to do anything with division or subtraction 
either, right? 

Associative ： Right. Subtracting or dividing 
changes the answer, so I can’t change those types of 
groupings. 


Commutative ： Same problem over here. Order is 
really important for subtraction and division, I guess, 
so I have to keep my hands off. 

Associative ： You know, I think we need to clear 
something up, as long as we’re chatting here. 

Commutative: What? 

Associative ： That both of us can be used outside 
of the order of operations without changing the 
answer. 

Commutative ： Sure. I’m used to it, but I guess that 
can seem confusing. We work any time! Addition or 
multiplication, they can be regrouped or reordered at 
any point when you’re simplifying. 

Associative ： See, we’re always helpful. Oh... 
before I go, did you hear the one about the addition 
expression that was wrongly accused? 

Commutative ： It had its sentence commuted. 

Associative ： No, what about it? 
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the final round 



Jatk 一 。此—七巧…亡 
W y 七七.叫如 ? r oW 1 ew, — 七 
W 七仪 ” o 七“饮 
♦ a_^ ^ast 



If s aw important round... 

The next round’s worth two points, which means 
the pressure’s on: you’ve got to judge the next 
problem correctly, or there’s going to be a real 
brawl over who wins tonight’s Math or No Math. 

The problem’s worth a single point again, and 
there’s a bonus point for solving the problem as 
quickly as possible. Not only that, but both Jack and 
Kate know about the order of operations and the 
commutative and associative properties. 


Tlie Or Jet Of Operations 

O Parentheses 
Exponents 

O Multiplication & Division 
O Addition & Subtracti 


non 


Tke Commutative Property 

You can change the order 
of the terms with addition or 
multiplication without changing 
the results. 


Tke 4 峨 


io ciati Ve 

oft u e = nc S etho …尸 m 


Problem - The final round 


Simplify this: 


12 (l + f + li) +32-15 
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rules for numeric operations 


Your„ „ 

Jack did. Mark up Aeir work step by step 
^ to show Kow iliey eadi got iieir answer. 


>E 

four job is to judge yMt Kate and 
i Mark i 



Kate’s Work 


12 (l + f + 藉 ) + 32_ 15 

i 2(5) A 
化条 + + 3 2 -'5 

(Zj + ' 0 + '') +3 2_' 5 

( 25 )m 

25 +”5 Time: 45s 

\°) 


Jack’s Work 


12 


i + f + ii! 


+ 3 2 - 15 


'2 



+ 


AO 

\2 


+ 


V\_\ 

\ 2 ) 


+ 


3 2 -'5 



S) 


+ 


3 2 -'5 



2 5 + 9-^ 5 = ^ 


Time: lm 20s 





(Circle one or both) 



(Circle one) 


Kate Jack NeiAer 


Kate Jack 


you are here ► 


95 




another win for kate? 


BE judges s©luf}©i 

/ Your job is to judge yvkut Kate and 

Jack did. Mark up Aeir work step by step 
to showKowiliey eacK ^otiieir answer. 


Kate 9 s Work 

‘： T ^ sc ^ 

4 a 七、 W 

•p i\\t dtw 


12 (i + f + 藉 ) + 3 、 15 

^ 也） a 


m 


Jack’s Work 


T^ese ,__>. ij 2(5) 

M + 峰 

ta^tclcd ou*t 

(Z} + ' 0 + '') +3 2 一 ' 5 

All -tKat was Ic-f-b was - ^(25)~ ^5 

-to do i\\c c^po^c^t a 灼 d + 9 - W 

七 ^ add a»^d sulrbradt 

\°) 


12 (!U+ 32 - 15 


(hs-tcad o-f 

simpli-fyihj inside the 
pavch-tKcscs, i^atc 
multiplied each -tcvm 
inside by /Z. 


Time: 45s 


Jatk had io / — L A 。^ 如厂 H 、。， 

aei all V2 + V2 + V2) + ^ 2_ ^5 deal 叫 ' ^. l 七 ^ 以七 es 

Jrvadtiov>s ^ratt»oy\s. 

^i\{\\ "t^c same f — 

d^o.maWs. 卜 32 _ % \ ne e%?orierii 

“at. Time: lm 20 s 

广一秦 ”5 

^o：nl 25+ m 



(Circle one or both) 

(^Kate) (j^) Neillier 




(Circle one) 
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Are you kidding me? Every time 
q we figure out how to judge these 

things, Kate pulls out another trick. 


The distributive property lets you multiply over 

several numbers. (And it’s not a trick, really.) 

Kate got rid of all the fractions in one step by multiplying all 
her fractions by 12. That canceled her denominators. When you 
multiply everything in a group by the same numbers, you’re using 
the distributive property. Let’s take a closer look at what 
exactly Kate did... and how you can do the same thing. 


Here’s Kate’s work, broken down even 
further. So what’s really going on? 




^>avcv\*t^cscs 

IZ. 


12(4 + I + 籍 ) + 3 2 - 15 



、'2 • 士 +' 2*|+'2 • 卷 ) + 3 2 ~'5 


this s-fccp. 


ttcv-c, .~ 

0 VA-t 


'2” ， ^2*5 , 


3 


A2 


3 2 -A5 


These (acio\ 
all that was 
a-f-tev- £hc 

^3h^clcd out 


亨夺夺卜 _' 5 

㊈ + 3 2 -'5 


0 + '0 + '')+3 2 -'5 
(25)d 
25 + ?^5 
\°) 


She went on Wi-t^ 

order ofevat'o«s. 
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distribute, distribute 


Pistribotiwg a value over a grouping 
doesn't change a problem's value 


When you take a value and multiply over a grouping, you’re distributing 
that value. The distributive property says that if you have two groups 
multiplied together，you can simplify the groups, then multiply; or multiply 
first and then simplify. 


Here’s the piece of Kate’s work where she used the distributive property: 

Wtrcs ^a-tc did- SKc multiplied 
-b^vou^ -fivs-b, 仏⑶ simplif ied. 


The IZ outside 
iKc is 

multiplied with 
i^urwbcir mside "tiiC 
pavc^-thcscs. 



iiH W 。七 f si ">pli-fy 


i-l'tiply. 


12 (i + f + M 


iP 


12 (4 + il + ii! 

i2 (i) 


avc *tV^c sa^c - 

?3«^ eses 

C-^.4 - 


iieretcire no 

Dumb Questions 


Can we multiply before we do the parentheses? 

Yes. If you have a situation where you’re multiplying two groups 
together, you can multiply and then simplify; or you can simplify and 
then multiply. 

Isn’t the distributive property ignoring the order of 
operations? 

No, it’s just knowing when you can work around the order of 
operations. Just like with the associative and commutative properties, 
the distributive property is about working with problems in a simpler, 
more efficient way. And these properties work with the order of 
operations, not against them. 


What if there is subtraction or division inside the 
parentheses? 

It doesn’t matter. You just have to keep the same operators 
after you distribute a value that’s outside the parentheses. If a 
number is subtracted inside the parentheses, it's still subtracted after 
the distribution. 

So parentheses don’t have to go first? 

Not if you're multiplying what’s in the parentheses by a number. 
In that case, you can distribute the number over the grouping. 
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rules for numeric operations 


(^terpen your pencil 


It’s time for you to practice your distributions. Take the 
expressions below and simplify them in two ways: by distributing, 
and by following the order of operations. Which way do you 
think is faster for each problem? 


r 2(4 - 2+ii) 、 

Distributive Property Order of Operations 




4 ( 士 + 备 +士+ 士) 




Distributive Property 


Order of Operations 


Which way was faster? Why? 


Which way was faster? Why? 




1 


12 


+ 


6 




Distributive Property Order of Operations 



18(110-80 + 3-22-10) 


Distributive Property Order of Operations 


Which way was faster? Why? 


Which way was faster? Why? 
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distributive drill 


c^Jharpen your pencil 
Solution 


Your job was to take the expressions below and simplify them 
in two ways: by distributing, and by following the order of 
operations. Which way did you think was faster for each problem? 


2(4-2+ n) 


Distributive Property 


Z •午一 Z-Z + Z.ll 

H+p … 

Vo 

Which way was faster? Why? 


Order of Operations 

Z(li) 

U 


I "tli'mk -tlia-t us'm^ -tlic order o( opevatiohs 
was -fasten s'mtc -tlicvc -fewer steps. 

^ .Ill/. ^eii^es f 

•- 七 5 .u\>..*b..79M-. ^ 


/ i 9 7 3 \ 

厂 4 \20 + 20 + 20 + 20/ 

Distributive Property Order of Operations 

午 .fe). + 午固 + 午礙 + 午 ㈣……. 嘴 ) 

++~|"+~| _ ++ 午(I) 

. 變二.午 . t . 

Which way was faster? Why? 

The order of opevatiohs v/as -fas-tcr 
because the •fra^tio^s avyay. 






24 (l _ ir + f "I 


Distributive Property 


Order of Operations 


18(110-80 + 3-22-10) 

Distributive Property 


Order of Operations 


-Z 午占 + 2 • 午 !■ - 2 • 午奇 2 • 午迭 - 泰 + 辨 - 採 （ mi 午午 0 + 5 午 - 娜 -I0O) 


10 ( 1 ) 


VZ + ZO-10 

1 


Which way was faster? Why? 


Which way was faster? Why? 


I "tVmk "that "the distributive way v/as The ovdev- of opcv-a-tior>s v/as -the -fas-tev- way *fco 

•fas-tev s\y\U all 七 he -fva^-tiohs v/e»rt away- smte -tlic hu^bcirs worked ou-t m -the pareivBieses. 

..iefe. W b ee , 

Would，ve ^ ihe wayio^l. Y 
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rules for numeric operations 


Tke Commutative Property 

You can change the order 
of the terms with addition 
or multiplication without 
changing the results. 




咖 9 一•⑽ 

a group P r0 r s 神卿 n9 a or 


^ Vo pi 


too 


group 



How am I supposed to remember all this? 
First there was the order of operations, and now 
there are all these rules... it’s like a paragraph 
for each one. I’m supposed to memorize these? 


You can memorize some general 
equations, not a lot of text. 

Remembering all those sentences for each 
property is a pain... and this is math, not 
composition! Fortunately, we can turn these 
rules into some simple equations. 

But to do that, we need a way to represent 
numbers... we need constants. But what 
exactly is a constant? 
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constants stand in 


A cowstawt stands m for a number 

A constant is a term used to describe an unknown in an 
equation that represents a number that doesn’t change. In 
other words, a letter “a” on one side of an equation is the 
same number as an “a” on the other side of an equation. The 
constant just represents a number. 

Constants are great for turning specific problems into more 
general ones because we can use letters instead of specific 
numbers. For example... 


no-t casY -to vcmcmkcv- 

or mL Jltiplicatin' h addition 


rw.s '.s a ^ ^ 咖扣 d 

.sni eas^ 代 member. 



iVc 

av\d dall i-t u a ,J 

...^11 tall« V.. 


Moy/, -the Spcfii-fi^s o( -the pvoblcn 
av-c hot spedi-f id. This is a wwaCM 
C3sic\r "th'mg -fco \rcrwcrwbcv. 


At first, it might seem like these letters are just 
as hard to remember as a bunch of sentences. 
But let’s make things even simpler: 

a • b = b • a 七一 ) 

、 a+b=b+a 

c 

This is the tommu-taiive fvopeviy 
■for addition- 




A general eejuation 
is just a way to 
rememter rules 
tkat apply to 
all numters in a 
certain situation. 
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1 H 了 

• 

You know more than you 
statement to it’s name. Be 
names are used twice! 

think... try and match each property 
careful, though... some of the property 

a(b + c) 

=ab + ac 


a + (b + c) 

=(a + b) + c 

The commutative property 

a • b 

=b • a 

The distributive property 

a + b 

=b + a 

The associative property 

a(b • c) 

- (a • b)c 
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which property? 




♦ 


m 


Match each property statement using constants to it’s name. Some of 
the property names are used twice! 

Property 

Property name 

a{b + c) 

=ab + ac 


a + (b + c) 

=(a + b) + c 

The commutative property 

/ 

a • b 

=b^ a y)C 

The distributive property 

a + b 

=b -\- a ^ ^ 

The associative property 

a(b • c) 

={a • b)c ^ 
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Tke Commutative Property 

You can change the order 
of the terms with addition 
or multiplication without 
changing the results. 


Tke Commutative Property 

a • b = b • a 

3dd 'iio h 

a + b = b + a 


Tke Associative Property 

You can change the grouping of 
terms with addition or multiplication 
without changing the outcome. 


Tke Associative Property 

a(b • c) = (a • b)c 

^ddiij 0h 

a + (b + c) = (a + b) + c 


Tke Distributive Property 

A number being multiplied by 
a group produces the same 
result by either simplifying the 
group and then multiplying, or 
multiplying each term within the 
group and then simplifying. 


Tke Distributive Property 

a(b + c) = ab + ac 
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it f s all over 


Roll the credits... 



After going through Kate’s work, we figured out that 
she got all the problems right and was the fastest. 



Kate solved the first question using the order 
of operations. 

After seeing what happened with Jack, everybody can’t just 
go their own way, so the order of operations is important. 



Kate solved the second question using the 
associative and commutative properties before 
applying the order of operations. 

Kate got done faster and smarter and could make the 
fractions much easier. 


❺ Kate got the third question right, faster, by 
using the distributive property first, and then 
the order of operations. 

Kate made fractions much easier by distributing. 


Jack was the runner up. He learned the order of operations from his first problem, 
but he needed some more properties up his sleeve to compete with Kate. 



Jack got the first question wrong because he didn't follow the 
order of operations. 

Jack tried to solve the easiest parts of the question first, regardless of the 
order of operations... and completely missed the question. 



Jack got question two right by using the order of operations. 

Unfortunately, Jack didn’t use the associative or commutative properties, so it 
took him longer than Kate to solve question two. 


❺ Jack got question three right, too, but he lost the speed 
competition again. 

The order of operations never let him down, but it slowed him down! 
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Keep tkose juctgfingf skills poliskect. 
you never know wken Matk or Vo 
Matk miglit need you again! 



rules for numeric operations 



Propertycross 


Take some time to sit back and burn these properties 
into your brain. It’s your standard crossword; all of 
the solution words are from this chapter. 



Across 

I. x ， y，z but subject to change 

5. Tel Is you which computation you do first 

7. Ord. of Opers. 

8. The a ， b ， c's of Algebra 

9. Constantly commutative (includes =) 

10. Associative property only works with addition 

and_ 

II. Property that lets you multiply each term in a 
group by the value being multplied with the whole 
group 

12. Different representation, same result 


Down 

2. Means how many times you multiply a number by 
itself 

3. A fractional exponent 

4. Property that lets you change the grouping 
without changing the results 

6. Property, addition, terms, multiplication, 
operations, order 
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crossword solutions 



Propertycross Solution 
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rules for numeric operations 



Tools for your Algebra Toolbox 

This chapter was about numeric 
properties that are important to 
understand in order to work with 
equations. 


T\\t ov-dcv- 0^ai\OY\S 


❶ 

Pav-cv\*tV>cscs 

o 


o 

W Pw»s»cm 

o 

^dd»*t»ov> 

Sub*tv-a6-t»ov\ 


BULLET POINTS 


■ The associative property 

deals only with grouping. 

■ The commutative property 

deals with order. 

■ The distributive property 

handles multiplication of groups. 

■ The order of operations will 
always correctly simplify an 
expression. 

■ A variable is an unknown that 
can change with the problem 
situation. 

■ A constant is a known or 
unknown that does not change. 


TV\C dommuia-tWc 

a • b = b • ct 

a -\- b = b + a 


a + ( “ ‘ (… )+ c 

a{b - c ) = (a-b) c 


I 

ave o,ood ^ov 

and 


The disinbuti 

a(b + c ) = 


P^opcviy 


ab + 


ac 


you are here ► 


109 





exponent opercttions 


^Podcasts that spread , 
參 like the plague’ 

(that f s a good thing."} 


iTunes totally sucked 
me into podcast subscriptions 
Now I only turn the TV on to 
catch the latest Lost episode. 




Could you multiply that again? Could you multiply that again? 

There’s another way to express multiplication that’s repeated over and over and over 
again, without just repeating yourself. Exponents are a way of repeating multiplication. 
But there’s more to exponents, including some smaller-than-usual numbers (and we don’t 
just mean fractions). In this chapter, you’ll brush up on bases, roots, and radicals, all 
without getting arrested for any sit-in protests. And, as usual, zero and one come with 
their own problems... so jump into a podcasting exponentiation extravaganza. 


this is a new chapter 




podcast-palooza 


Addie's got a podcast 


dtast 


？ 01 
odvAtcv 


Uvaovd^ve- 



Addic s dompu'tev'. 
C^h you say 1 ^ 87 ? 


I’ve been producing 
my own Podcast, but now I need 
better quality gear... and new 
equipment is expensive! 




tttc 


: 


Addie podcasts about &»zy celebrities. 

Addie’s been getting a lot more listeners lately. To take 
it to the next level, she needs new equipment to deliver 
an even better podcast... but that takes a lot of cash. 

Addie’s got a website to host her podcasts, and she 
wants to advertise on her site to raise funds for new gear. 
She’s lined up some possible sponsors, but they won’t 
help out until Addie proves she can get some real traffic 
on her site. Addie needs to: 


• ...monitor the daily hits on her website over 
the next 2 weeks. 


...prove her site can generate at least 
5,000,000 kits in the next 2 weeks! 


Won*., a lot 
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exponent operations 


Lefs mobilize Addie's listeners 

Addie knows she’s got big fans. Here’s a letter she’s worked up 
to send out to her 3 top listeners: 


Dear TOP 3 Listeners, 


Dear for the podcast 

trying to get so- Ther e will be 

so we can buy t L hits to the sxte 

some Advertisers traC ^ ng and we need to have 
over the next two weeks, ana 
5,000,000 hits in a sing 一 

■ • x. the site today 

Please make sure H % more people. If 

and send this e 邮 ^ 也 ㊀ site and emailing 3 

everyone keeps think we'll make it • 

new people for 14 days, 


Thanks, 
Addie from 


争' 


the StarTalk Podcast 


a 

m 


^terpen your pencil 


Write down the equation to figure out how many hits Addie will get to by 
the end of 14 days, assuming each of her 3 top listeners tells 3 more people 
each day to visit her site. Don't worry about solving the equation for now. 
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repeated multiplication 


^Sharpen your pencil 
Solution 




Jane 




Jane 


£ 


Jane 




Jane 




Jane 




Jane 


Your job was to write down the equation to figure out how many hits Addie 
will get to by the end of 14 days, assuming each of her 3 top listeners tells 3 
more people each day to visit her site. 

No. hits 二 3 times 1>, every day (or W days 


^.ts- V WWW WWW 多 


■that’s a lot o*f -thvccs... 
扣 d hard -to keep up with. 


IM Chat: Exponents 


That equation is HUGE. 


Well, it’s 14 days, and if everybody who gets the 
email hits the site, that’s 3 times 3 for each day. 


Hmm, I don’t really get why... 


Here’s an image. Here are the first 2 rounds. 


Ok - so the number of hits on day two is 2 
threes multiplied together. And 14 days is 14 
threes multiplied together. 


I keep trying to work this out with my calculator, but I 
keep losing count of how many threes I’ve put in. 


Exponents are a shorthand way to show 
multiplication over and over again. It works with 
your calculator, too. Two numbers, not a row of 14. 


I’m lost. What are you talking about? 


a 


JoN 




v-ou^d I 


Exactly. 


q 

__ 


, \rouy\d 2- 
vou^di 2- 


v*our\d 2- 
v-our'd 2- 


John 



^ know anything about exponents? 、- 

f What? J 


L 


L 




John 


v-ouv^d 

^dd'»c 〆 〆 y-ouv^d 2- 

\ v-ou^d 2- 

vouv^di I 

iv\d 2- 







a 

^_I 

John 
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exponential simplification 


KQIJATION CONSTIUJCTION SOLUTION 

Your job was to rewrite Ad die's equation using exponent notation, and solve. 

Thai's 1^ iWees! 


5 is base because it's 
•the humbev bcihg multiplied, 

hiis 二 t 


I 午 is e 乂 ponovt bct^usc "tV>a"ts how 

•mdny- tmves-you- 州从 1 切 1 丫 . 3. by. i"tscl-f., …… 



午 rwillioh hits oy\ the I 午 th day. 

犷二午； 78 謂 Awesome • but not c^ou^h- 
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exponent operations 


Caw Addie and Alex get enough hits? 

Alex has offered to send off another round of emails for Addie. He’ll start 
with 3 friends, just like she did, and try to help get 5,000,000 hits in 14 days. 

To figure out the total number of hits, you’ll need to figure out how to add up 
both groups that Addie’s working with. In chapter 2, you combined like terms 
to help Paul on his road trip, and this is the same idea. You may remember 
from chapter 2 that a term is any part of an equation held together with 
multiplication or division. Since an exponent is just a shorthand version of 
multiplication, that means exponential terms voith the same base and 
the same exponent are like terms. 

With exponents, you can combine terms that have the same base. Let’s try that 
out and see how it works: 



Matk Magnets 

Write the new equation for the number of hits that Addie and Alex 
will get. Will she reach 5,000,000 now? 

j\Ad\t do^-tat-b i -fv'ic^ds • Alex Cov\iacis Z -fvichds, -too. 


. 

t = 2( 


k = 


/ same base arc like 




Did they get 5,000,000 hits? 
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mutiplication or addition? 


Matk Magnets Solution 


Write the new equation for the number of hits that Addle and Alex 
will get. Will she reach 5,000,000 now? 


扒 ds … " ow Ala fiohtadts Z -fvichds, -too. 

I —— I — L 




k 






L_ 



^^>oy>cv>*ts "tKc 

same base art like 


r565,938 




Did they get 5,000,000 hits? 


4 


Wait. Why is that 
2(3 14 ) and not (3 14 ) 2 ? 


Because (3 14 ) 2 is multiplication, not addition, 

A term is something held together by multiplication, which 
means that the entire exponential term is treated as a group. ^ 

When you group two like terms together, you’re adding those 
terms together. But if you take those two terms and use 
exponents (that 2 at the end of (3 14 ) 2 ), then you’re multiplying, 
and that’s not what we want. Look: 



^ \s one tcvm ， 
YXO-t W- 


丁 his plus^his "tvvo of 


Re^bey - the e^o^t 

you multiply. 

的》二 w 

\ v - This is Wst aKothev vway -i 


ar.o-thev way -fco 讲如 
lov *l*tscl-f 2 - "t»wCS. 
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exponent operations 


Ok, so (3 14 ) 2 isn't the right answer, 
but how would you work that sort of problem 
out, anyway? I guess we could write out a 
bunch of 3’s in a big line? __ 


Well, that would work, but that’s a lot of threes... 

Writing out the multiplication by hand will work; it’s just not very convenient. 
Look how long this thing turns out to be: 


So ^ s '' 


> (3 14 ) 2 = 3 14 .3 14 

=(3.3.3-3-3-3-3-3.3-3-3-3-3-3)(3.3.3.3.3.3.3.3.3.3.3.3 
= 3 Cou»vt 

thcrw up -fill -this box. ih. 


But look, there’s a pattern! Here’s what this means: 


(x a ) b = x a . 1 


斗 |七吻 Z. I 十 , 沾 七 W sa«e tW% 
you yt y/V>cv\ d»d i*t *tV>c lo^ v/ay* 


We combined those exponents with like bases before. Is 
there anything else we can do with like bases? 


Exponents with the same base are LIKE TERMS. 

That means they can be added, subtracted, multiplied, and divided. 

Try division: 

3 14 3 • /./S -3 • 3^- 3^. ? • ? • ^ • 3^.-8 • 3 

3 ^ _ 3 ^ 3 /. 8 .^. 3 .^-. 8 .^. 8 - 3 ^.^ 

_ 3 3 you wv-i-te it oui, you 

see how mahy -fatWs you 
^ divide out 






Write the general form to combine like terms, 
ahead and done the first one for you. 


C 3 U • 3 2 = X a • X b = 

(^o batk "to the v/Kolc thmj out i-t 

you need b>, bu*b you £ ■ 办 -f i^uve i*t ou*b! 
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Alex is flaking out oh his sister 



Alex didn’t send out any emails to his friends until 
the third day. That means he only has 12 days to 
get the word out. Will Addie still make it? 
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exponent operations 


^terpen your pencil 


Now will Addie make it? Figure out how many hits she’ll get since 
Alex’s email only has 12 days to work, not 14. 


Write the new equation and solve it: 


What is the general form of this equation? 

Msc x ahd y as bases a^d 
S t as cxpohch-ts. 



Do the exponential terms have the same base? 

C\rt\t ov\t 



No 


Will Addie still have enough hits to make 5,000,000? 


Yes 


No 
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like femis? 


ooiuuon 


Now will Addie make it? Figure out how many hits she II get since 
Alex’s email only has 12 days to work, not 14. 


Ala has -bwo -fcwcv* days, so I2-. 

Write the new equation and solve it: h 二 W + i lz 

f\Ad\ts email »s s'amc''^* 7 ' 

h - 午； 702 -撕 + 吼午午 I 




What is the general form of this equation? 




Use x ahd y as bases ah# - 
^ ^ as cxpohchts. 


These tav\i really be tombmed easily. 

.Sin»^.c .bfiv?. . 

t^cyVc NOT like terms. 


Do the exponential terms have the same base? 


Will Addie still have enough hits to make 5,000,000? 


^5 

r 

($) 


But just by 引午 /Ho 
hits, ft's pretty dose. 


Phew - Alex didn’t blow it. So now, I really 
can just wait to hit 5,000,000. As soon as the ad 
company sees that in a couple of weeks I’m finally 
going to snag some gear. Hello, Apple store. 
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exponent operations 


-there-, scce no 

Dumb Questions 


: Why use exponents and not just multiplication? 

Because it can save you a bunch of work. Writing out a value to 
multiply over and over again is tedious and leads to error. And when 
the numbers start to get really big (like an exponent of 14)，they are 
just impossible to deal with otherwise. 

Why do you need the same base and the same exponent 
to do addition and subtraction? 

A. 

Because they need to be like terms. Remember that 
exponents are a shorthand for multiplication. Because of the order 
of operations, you can’t add two multiplication expressions together 
without doing the multiplications first... unless you’ve got like terms. 

If the expressions are like terms, then you can collect them together 
into a single term. That’s exactly what adding exponential terms with 
the same base and exponent does! 

Where are exponents in the order of operations? 

They're second. Since exponents are just a more powerful form 
of multiplication, they go before multiplication. So it's parentheses, 
exponents, then multiplication and division. 


How do you work with exponents with different bases? 

We’re going to be looking at those next. But fair warning, 
there's not much you can do to make those problems simpler. If you 
have two bases, then there are two things that need to be multiplied, 
divided, or whatever. There’s not a good way to combine terms like 
that since you’ve got to keep track of both bases separately. 

What happens if I’m dividing exponential terms and the 
exponent becomes negative? 

Great question! When you divide exponential terms, you 
subtract the exponents. This means that you could end up with a 
negative exponent. The good news is that this is easy to deal with. 

A negative exponent just means 1 over the positive exponential term. 
So: 

2 1 is 1/2, 
x' 25 is 1/x 25 

...and so on. 
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dark days for addie 


There's always a villain... 

The Movie Podcast heard about Addie’s plan to increase 
subsribers，and they don’t like it. The sponsorship Addie’s 
trying to get... well, it’s money out of the Movie Podcast’s 
pocket. So now they’re fighting back. 




f\A^ c , i. 
OVA ^' 


Dear Top 4 Movie Podcast subscribers, 

The StarTalk Podcast is trying to steal 
advertisers fr ⑽ us! If they hit 5,000,000 hits 
the next 10 days, our sponsor is going to 
leave our show. 」 

We need to fightback! Don^t go to the Startalk 
_ page and 4 J)startalk users, telling them 

not to either. everybody emails 4 people 
we’ll pull enough hits so that she won^t make it 


Thanks, 

Movie Podcast 


It* 




Every person that hits Movie Podcast’s 
page instead of Startalk Podcast’s page 
is taking away potential hits. What does 
this mean for Addie’s chances to score a 
new sponsorship deal? 
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exponent operations 


r 


KQIJATION CONSTRUCTION 

Since Movie Podcast is going to take away hits, how many will be left? Is Addie going to make it or 
is she in trouble? 


"I 


Write the new equation and solve it: 

Do /七 -fovgc-t abou-t wha-t ^ 
Addic av\d Alex already did. 




Will Addie still have enough hits to make 5,000,000? 

C'lV-C-lc OY\t 


Yes 


No 


If No, how many more hits does Addie 
need to get to 5,000,000? 


Write the equation in general form: 


How many different bases are involved? 


12 3 


How many different exponents? 


12 3 


J 


L 
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more exponents 


r 


KQIJATION CONSTRUCTION SOLUTION 

Since Movie Podcast is going to take away hits, how many will be left? Is Addie going to make it, 
or is she in trouble? 


1 




、 / email (W days laic) 

午 212. /. ~ ^ ov,c email 

Write the new equation and solve it: 乂二 U Y 二十 … days led 如 d 午 

emails 

H/VW Pod.a.t .... ......... 

wde chough o( a • - 

■to push Addie below -the . h .• 二卞 2 ^ . 

^umbevs she heeds. 




Will Addie still have enough hits to make 5,000,000? 


Yes 


0 ) 


If No, how many more hits does Addie 
need to get to 5,000,000? 


T^C ^umbev" o-f Wrts 
she tweeds 

弓，000,000 - 午 , 2 - 沾阳午二 73 午 J 从 


Less Y/Ka*b sV>c Kas y\oyj 
(■O^ks "to 七 V>c -folks a-t 
Movie Poddast) 


Write the equation in general form: 


孓 1 午 + 孓 lz —千 10 
ik 

a . b 

乂十 x — 


Add'ic ^ccds -to Cofrt 

100,000 

Y\t^t 


a 


These a\rc the -firom cav-licv* — 
same base but di*WW ⑶七 c^pohc^-t 


+ 糾 ⑽ t t>asc 


How many different bases are involved? 






3 


Smde Addie a«d Alex s e ^ thei« out h> ihe same 

^7^°+ +olk s , they have the same base. Movie 
Vodtast scht it out -to move people with less time. 


How many different exponents? 


2 


TKa-t's why we Kave iKvee diWeven-t vaviakles listed -fov ihe 
enponen-b- li also means iKai iKey tar!i be easily tomb'med. 


y 7 



L 
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exponent operations 




Different bases = NOT like terms. 

Terms with different bases are not like terms (regardless of the exponent). 
They just don’t have anything in common. As exponential terms, they’re 
not multiplying the same number, regardless of how many times. 


You can't add exponents with different bases 

If we just talk about the bit of Addie’s equation that has two terms, it 
looks like this: 


As ^ 


sa^ cavity, 




■^rtV^e same- 


: 



like terms. Multiplication and division don’t work either. Exponential 
terms being multiplied together just get written together, like this: 


x b {y c )= ： x b • y c = x b y c 


TKcsc avc all same >s 七 

一七七⑼ bul you tar^t 

tomb'mc bem a*t all. 
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exponents first 


The order of operations says expoKients FIRST 

You can’t split up bases and combine different exponents because each base has 
to stay with its own exponent. The order of operations says that exponents go 
before multiplication. That means the exponents have to be simplified before 
they can be combined with something else. 


OK 


This Is NOT Qk. 


x b y ( 


x b (y c ) = x b • y' 

These aire all ok 
because the 

stays with the base. 


Test it out with real numbers - try 3 2 and 4 3 . Can you show that (3 2 )(4 3 ) is not 
the same as ((3)(4))( 2 )( 3 ) without working things all the way out to the answer? 




ihere-iccce no 

Dumb Questions 


Do I really have to memorize all of these rules for working 
with exponents? 

No, because you can always work through these equations by 
working out each term separately. But if you can remember these 
rules, you’ll be able to combine like terms and solve equations more 
quickly. It’s much easier to combine terms and do one calculation. 
That’s a lot better than working out a ton of terms separately, 
especially if the terms can be combined because they’re like terms. 

What if the bases are different and the exponents are the 
same? 


Well, there’s a little bit you can do there. If the exponents are 
the same, then each term is being multiplied the same number of 
times, so you CAN mush them together, like this: ^•y 3 — (^y) a 
It only works because of the commutative and associative properties. 
This is all just multiplication, so you can mix up the order, and it will 
still work. 

So what about that Brain Power? How could you show it 
without solving the math? 

You can do it with variables, so instead of 3 and 4, let’s use x 
and y. Then we have x 2 y 3 = x»x«y«y»y and 

(xy/ 2 ) ⑶ =(xy) 6 =xy 參 xy 參 xy 籲 xy 參 xy 參 xy = x 參 x 籲 x 參 x«x_x 籲 y 參 y 參 y 參 y 籲 y 參 y 

You can just look at those two and see they’re not equal. 
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exponent operations 



But what about all those hits I need? I need 
734,166 more hits, and I only have 9 days 
left. I can’t lose that sponsorship, or who 
knows how many subscribers I'll lose, too. 


Addie needs another round of emails. 

But how many does she need to send out? Addie has only 
9 days left and she needs to figure out how many emails 
she needs to start with today to make up for the campaign 
that Movie Podcast’s running. 


We've got to work our exponent "backward" 

Let’s go back to Addie’s equation. We’ve got different 
information this time: the number of hits we need and the 
number of days left: 


y\0- 


o( W»-b 


Wumbcv o-f e^i|s 
pcv day p 饮 SOh 


This is the gchMl -fovm 

°"f 七 k ovig'mal c^uatioh. 


Now we fill in the 



斯 ,i 从 


7 多午 JU 

7 

Nowwc heed -to solve (or %. 夕 
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roots are inverses, too 


A root is the INVERSE of aw exponent 

We need an operation that can unravel an exponent. So when we have the 
exponent, what’s the base to get a certain answer? Well, that’s the root. When 
you find a root of something, you’re finding the number that can be 
multiplied over and over to reach the final number. 

For Addie, we need take the ninth root of both sides of her equation. That 
will isolate x and give us a numeric value on the other side. 


餅 JU 


X 




TWis is e'wafc。*' 
we started 办 


叫 heecUhe ? 仏 
^ooi here. 



734,166 
9 /734,166 
V 734,166 


How did you figure out 
that crazy root? Do you have 
to be some sort of times- 
table genius? 


X 


Wc iakt the hmlK rooi o( both 
9 s, ^ cs - This undoes -the 

of hihC oy\ the viglrt. 

We k^oY/ -tK'is side "to be % because 

iV>e voo-t a«d tV>e e^o«e«t ave iV>e sa»c, 
and iV>e7 dantel eatV> o-thev out 


TJp C]aS6 


It’s time to pull out a calculator. Look closely~~you can punch any root of any 
number in there and get a solution. Most calculators have a way to punch in both 
a root key and the root you want (like 9 or 3). ^4,, 

穴 k a ieathe^, Q *- 

,^ his youy 
处 ulaU 、 




Let’s look at a little closer at roots: 


iohs. 




sV^ov/s V>ovi 一 7 


*t\wcs 'tV'C 


二汕身 d 

u IWis tase, 2-). 



爹二 3 (See 

towettion?) 


丁 Wis symbol . |S tailed 
vad»tal- I 七 ">eaw 


- TWts is -t^e voo 七 . 


If you wanted to read this, you’d say, “The second root of nine is three.” The 
actual root is three, and it’s the number that you multiply twice by itself to find the 
number under the radical. So, to find the ninth root for Addie, all you need is a 
calculator. 
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exponent operations 


It’s the moment of truth. How many more emails does Addie 
need to send out? Is there any way she can pull this off? 


Solve Ad die's root: 


How many emails does Addie need to send out? 


Is there any way she can pull it off? Yes No 


Why? 


(^terpen your pencil 
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exponents and roots 


r^terpen your pencil 


It’s the moment of truth. How many more emails does Addie 
need to send out? Is there any way she can do it? 


"this m-bo youv- 办 d 

you’ll yt 3 humbcv - you use- ^ 


Solve Ad die's root: 


A 


yn.'. 

午 • 午刪二 x 


TKis ^umbev- ^ocs oy\ a^d ov\, but 
七 Wis is cv>ou^ -to -tV>c idea- 


How many emails does Addie need to send out? 


Slic heeds "to scr\d ou 七弓 emails ir\ "the -fivst \rour>d- 


L^d ^ . .^ e . ^ e . As . 5 :. 

The ar-sv/ev V>eve isr/i 十午 « 午 1 帥 aiU. - 


Is there any way she can pull it off? 


S) 


No 


Why? 


Addie d3h also VC^Vui-t rwovc o( /\|cx ； s 

" dS ^. She ： eedS .^^. Seh l Wa l^. 




o 



5 friends? No problem... 
I’ll get those mails right out. 


9 days later. 



X 


You’ve helped Addie land a big check! 

Addie’s site cleared 5,000,000 hits, no problem. Her 
sponsorship deals on, the subscribers are pouring in, and 
Addie’s off to get some great new gear from her local 
Apple store. Next up... a video campaign on YouTube! 
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exponent operations 


Just put the problem in a 
calculator? Is that for real? 

There are actually several ways to find 
roots of numbers. There are tables where 
you can look them up, there’s even a way 
to find them by hand that looks like long 
division. But honestly, they’re all really old 
school. For most folks, a calculator is perfect. 
Another way to get near the root of a number 
is to remember the perfect squares (2x2=4, 
3x3=9,etc.). Then you can get an idea of 
what numbres might at least be close to 
what you're looking for. 

What’s the inverse operation of 
exponents? The radical? 

Not quite. It's finding the root. The 
radical is the symbol for the operation. It's 
just like the dot symbolizing multiplication. 

What if I see a radical without an 
index number? 

Assume an index of 2. That’s the 
square root. It’s convention that if there isn't 
an index, then the equation is talking about 
the square root. 

Can you have a fractional 
exponent? 

A« Yes. That simply means you should 
take the root of the base. For example, if 
you see 1/2 as an exponent, it means square 
root. 1/3 would be the third root, and so on. 


there-imce nQ 

Dumb Questions 

My calculator doesn't have a 9th 
root button, what do I do? 

You can write a root as fractional 
exponent. So, a ninth root can be written 
as ImiU or 

Most calculators have an exponent button. 
So you could just put in a root of (1/9) and 
get the same answer. 

Will I ever need to solve for an 
exponent and not the base? 

Not anytime soon. There are more 
operations out there that you can use to do 
this sort of problem, but they're well beyond 
this book. Don't worry about it for now. (Isn’t 
that good to hear!) 

What about an exponent of 0? 

Any number raised to the 0 power is 
one. Why? If you go back to the division 
of exponents, you subtract the bottom 
exponent from the top exponent. If you end 
up with the same term on the top and the 
bottom, then it’s the base to the 0 power. 
That’s always the number “1.” 

What about an exponent of 1? 

Any number raised to an exponent of 
1 is itself. That means an exponent of one 
is implied over EVERY number and EVERY 
variable. It can come in handy sometimes to 
know that. 


Can an exponent be negative? 

Yes - it means that it’s the exponent in 
the denominator. So 

That ties right in with subtracting exponents 
again. Since there’s no exponent in the 
numerator, it's a negative exponent. 

Can you use negative exponents to 
get rid of fractions? 

Yes. If you have an expression with 
fractions in it, you just rewrite the expression 
with the denominators as negative 
exponents. This really only helps if you find 
working with exponents easier than working 
with fractions. Of course, some people prefer 
that, and it's a perfectly okay way to work. 

This also works the other way: if you think 
fractions are easier than exponents, just pull 
out all your negative exponents and rewrite 
them as fractions. 

I’ve heard of something called the 
principle root. What’s that about? 

When we talk about finding roots, 
we’re actually talking about finding the 
principle root. That’s the positive root of a 
value. There are other roots to numbers, too, 
though. The most common is the negative 
root. For example, the principle square root 
of 9 is 3, but -3 is a square root of 9, too, 
since (-3)(-3) = 9. 
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exponent cross! 



Exponentcross 

Raise yourself! Can you get all the words? 
They’re all from this chapter. 



Across 

2. Any number raised to an exponent of zero is 

4. Exponents are a faster form of 

7. The number of times that the base gets multiplied is the 

8. Any number raised to an exponent of one is 

9. A fractional exponent is actually a 

10. The inverse operation of an exponent is a 


Down 

1. A negative exponent means that the exponential term can be 
written as a 

3. Another word used for exponent is 

5. Exponents with the same base and exponent are 

6. The number in an exponential term that gets multiplied 
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exponent operations 


♦ + + 

- O 办轚笔 'WVIAT ， - 

• 

We’ve written the exponent operations that we’ve been talking about in 
terms of general variables. Match each expression to it’s simplification. 


Variable problet] 


x a • X L 


{x a )' 


x a - x b 


x a 

x b 


X a + X 1 


2x a - x l 


The simplified version 


x a . 


2x l 


x 


a + b 


x a 


x l 


The expression is 
already simplified. 


y b 
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simplify the expression 
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exponent operations 



^ c^cufer ^ u , 

1 1 Just ， vcmcmbcv* VouV" 

3ur job is to play calculator and crunch 、 

iie nianbers 成 e your calculator would. ' ^ 

You’ll need to apply ^at you just 1,467° + 1,856 1 =.. 

learned about negative exponents 
and raising bases to zero. iW 

since you're playing calculator, . 

don’t use one! 

㈣ 誓？ +2 、 

上 W 咖 ▲ . 

2 2 . 2 3 = 

Tv-y and tome up ’ ~ 

Wi-bK i^o v/ays -to 7 

a\>pv-oa£.K "tK'is ov\t- 5 _ 


Thcvc avc a -few 
d\Ucrcv\i ways -to do 
this ohC "too — Cotr\t up 
with -two i-f you ddh. 
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be the calculator 


BE th^ c^cufer 

Your job is to play calculator and cruncK 
iie ninnbers 成 e your calculator would. 
You’ll need to apply yvh&t you just 

learned about negative exponents 
and raising bases to zero. iW 
since you’re playing calculator, 
don’t use one! 



Any hur«be>- io ^ va'tsed b> 

ztyo is one. one is rtsel^- 


1,467° + 1,856 ! 

I + I, 紋二 


1,057 


These ta«Ue added - ^ 

bem 5 same 一 ^ ^ 
3«d same base- 2 2 + 2 3 : 

tl 4-^v-ms ave sa»«e base, a'd 、 

A\Sec^i 〒丄 Wl 減 s ) 

如 靖崎 2 2 .2 3 = 


All theve IS ^ do js slmp |^ the 
the, add ihL 

V K - J 

Z.Z + Z.i.2 •二午 + 0 二 IZ 


l^/hch you multiply cxpo^cr>is, 
you ddh ddd *thcw» up ■PivS't. 


Z 1 ^ - Z 5 - 


t 蝶上 ' 


TKc "tWm3 "to vcmcmbcv- "to do 
Kere is sub-tva^t tKc e%por^ts. 

二丄二丄 

5 1 Z5 



- 5-z _ o.o 午 


Theh, just tirea-t that hegative 

' 作 P 。 咖七 as. a. de^^aiiiV (4adi 伽 al 
ftoia-tioh ov- decimal bo-th wov-k). 


Thevc av-c a -few 
di^cvcht ways -to 
do "this ohC "too. 


Rewn-te ^adt.o^s as «^al. 

A, a 山巧七 … 糾 

i\,e same base a«d ^ ^r,e 

1 丄 1 _ P + P 

f+ . 




：(M： 


XL 


z 


-— .you tar\ rttoty\\ 2 Jt ^cm as like 
-tcvws as -fva^-t'io^s a^d add 
} . h[ . : tW 心止 .ih?r>. 雨 . . 


Z 

r? 


r? 


+ Ti 


z 

zl 


/ou Could siry»p|i-Py £ 一 ‘式 

withou^t ^kihg advahta 3 c o-P 

..^pprvChi.^Us.. 
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Exponentcross Solution 


exponent operations 
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BULLET POINTS 


■ Exponents are shorthand for repetitive multiplication. 

■ The base is the number that gets multiplied. 

■ The exponent is how many times the base is 
multiplied. 

■ To add or subtract terms with exponents, they must 
have the same base and the same exponent. 

■ Adding and subtracting those terms is just combining 

like terms. 


■ To multiply exponential terms with the same base, just 

add the exponents. 

■ To divide exponential terms with the same base, 

subtract the exponents. 

■ To raise an exponential term to an exponent, multiply 
the exponents. 

■ Rules for dealing with exponents apply to numbers and 
variables. 




Tools for your Algebra Toolbox 

This chapter was about numeric 
properties that are important to 
iderstand in order to work with 
nations. 



mHds 
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pictured worth 
和 1，000 words 參 


smile with this snapshot 




Sometimes an equation might be hiding things. 

Ever looked at an equation and thought, “But what the heck does that mean?" 
In times like that, you just might need a visual representation of your equation 
That’s where graphs come in. They let you look at an equation, instead of just 
reading it. You can see where important points are on the graph, like when 
you’ll run out of money, or how long it will take you to save up for that new car. 
In fact, with graphs, you can make smart decisions with your equations. 


this is a new chapter 



yard mowing and financial planning 


Edward's Lawn Mowing needs help... 

Edward has been running his own lawn mowing and bush 
trimming business for a couple of years now. 

Here’s what his business looks like now: 

氺 Edward charges $12 per lawn. 

Edward has 7 current weekly customers. 

氺 Edward mows each yard once a week. 

氺 Edward gets paid weekly. 


AllWWfdward’s Uwn Service 

Edward has a list of new things that he wants to buy so he can 
expand his business —— he’s thinking long term. He’d like to find 
out when he’ll be able to purchase each of these items: 

☆ Blade sharpener ： $336 
it Hedge trimmer ： $168 
it Bagger attachment ： $504 
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graphing 


I need some help. I’ve got 
to do some planning, but I’ve 
got no idea how to do that... 


Edward needs help to SEE what his 
financial future looks like. 

Ed wants you to help him plan out when he can make 
future purchases, help him decide how fast he needs to add 
clients, and get his business financials organized. 

You have all of Ed’s information, his income and his 
clients, and a list of things he wants to buy. Sounds like an 
equation just waiting to happen... 




Using the information that Ed has given you, 
figure out the general equation for his income 
over the next weeks and months. 







Just do you^r best, ar,d 
the page wheh youVe ihvough. 
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general equations rock 



Using the information that Ed has given you, 
figure out the general equation for his income 
over the next weeks and months. 


TK'IS is Kov/ 6d Kas made ovcv 
lc^*tK Jc time, tall I 七 'C. 


some 


，: Eds dash ==■ all lay/r\s m a.week -times tost per jawr\ times weeks.. 


广 This is what dhahocs, well 

f "liL) 


丁 W、s — 


.V,e makes 



tc 

c- n-im 


c:m 


Now Ed caw know what his cash is at ANY time 

The general equation that you’ve written can work in two different ways 
because you have two variables. If Ed has a time when he wants to know 
how much money he’ll have, you just substitute that time for t, and solve 
for C. Or, if Ed knows how much money he wants, you can tell him 
when he’ll get there by substituting the amount in for C and solving for t. 


O 
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Substitute for C, solve for t. 

Just substitute the value of the hedge 
trimmer in for C and solve for t. 


Ed’s jc^cral tasK -flow c^uatio^ 
The hedge trimmer C = 84 t ^ 

e-osis fli>e. 

^^.168 = m 

8 午 


l(\\\ *tW»s m 


=t This is how n>a »>7 weeks td 

^__ r,eeds bo t«*t lavms his 

Ked^e *br—ev. 


Z ueiwsuv 






graphing 


^terpen your pencil 


Time for a blade sharpener: 


Ok, great. But what about the 
blade sharpener? Or the bagger? 
I need to know when I can start 
thinking about those, too. 


Figure out how many weeks it will take for Ed to earn enough 
for the blade sharpener or the bagger attachment. Then Ed 
will have an idea of what he can do. 



Time for a bagger attachment: 
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ed l s financial future 


(^terpen your pencil 


Figure out how many weeks it will take for Ed to earn enough 
for the blade sharpener or the bagger attachment. Then Ed 
will have an idea of what he can do. 


Time for a blade sharpener: TKe blade sKav^enev will tost jiib, so tKats C- 


C-eH 


IS -the same pvotess we did 

beW. We plug in Kow muth dash Ed needs, 

.Slid theVi'solve huwb'e*- 'of weeks, i. 


3U ： 


髮 


0k, so 午 weeks -to save up 午 
•fe. Wblade s“ia—he ; …下 


Time for a bagger attachment: The is c^pc^siyc, it goes -for 


Same thing a^a'm- Just fut *m %)午 *fov* C. 


C 二科七 


午 


1^11, it makes so.se ihai it would take 七 k 
lohgest h> save (or this the is 午 . 


爱 




















graphing 


Why don't you just SHOW me the mowey? 

What if we could come up with a way where we could look up a value, like the 
amount an accessory costs, and then see what t was for that amount? In fact, there 
is a way to show all the possible “what if’s” that you can have for an equation. A 
graph allows you to draw all of the possible points for an equation and then look 
up different points as you need them. 

Then you can see how much money Ed will have at any given time and tell him 
if he can afford something, without having to solve that same equation again and 
again. Let’s start by taking the information we know and drawing it on a grid: 


- 气 d 

on a 


|*bcm 

Pv'ltc (?) 

卜 7 

，。叫 

〆 Blade 
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午 weeks 
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■tv-immCV' 
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B 州吖 

弓 0 十 

^ J 


These av-c ihc 

仙 咖 bevs -tha-t 

yo“c already 

i 3 u»rcd out 


Plot the other two points to 
see if you can get a better 
idea of what’s going on. 



C (Edjs cash: 
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^tiswers on tke next pa^e. 
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connect the dots 


Now we caw LOOK at Ed's cash pattern 



CtEd's cash) 
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Big deal. How does a bunch of dots help me? I 
still don't see any way to find out when Ed wants 
to buy something that's worth, say, $245. 


What about points that aren’t plotted yet? 

We need to find values for dots that aren’t yet on the grid. But look at 
the points you’ve already got... they seem to be in a straight line. If 
you draw a line that connects all of those dots, you’ll be able to use it 
to figure out different time and cost values. 

Like, say，when Ed can afford that $245 pair of noise canceling ear 
buds he’s been checking out. Let’s draw a line, and then look up 
where $245 crosses our line. 

Pvav. a Ime tW 吵如 
3 ^ 3<1 


148 Chapter 5 













graphing 


Graphs show aw ENTIRE relationship 

Once we add the line to the picture of the points that we’ve figured out，it turns out we’ve drawn a 
graph of the relationship between C (Ed’s cash) and t (the number of weeks he’s been cutting grass): 



There's something else that covers the entire relationship 

We also have an equation that covers the entire relationship between C and t: 

C 二 0 午七 

It turns out that what we have —— the graph with the line and everything^is 
actually a graph of the equation. It shows us the equation and lets us look at 
how C and t are related. 

On top of that, this graph shows a trend for the equation: the general direction 
that the relationship is heading. Ed’s graph is trending upward. That means he’s 
going to have made more money as time goes on (meaning he’ll keep moving 
lawns, save more cash, and so on). 

Now, when Ed wants to buy something, he can just look up the value for C he 
wants. Let’s see exactly how that works... 
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graph your equations 



BE .衫 咖改 

Your job is to play financial planner. Use 
'cash-flow graph for Ed to figure out 
nKe can make some future purcKases. 
You should not need to do i^NY 
computations iliis time - iie grapK 
Mil do iie worli for you! 
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IJow long until Ed can getAose $245 noise canceling ear buds? 


t pont get -fveaked out about e^adi 
v>eve - just ^e-t io -the tlosesi v/eek- 


Ed is iiinking Ws going to need a new blade. It’S $375. ^vlien canKe ^et thai? 
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graphing 


Is the graph of the equation the line 
or the points? 

Both. A line is made up of an infinite 
number of points. So the points that we 
computed for Ed were just a few from the 
relationship. Once we draw a line, that's the 
graph of the entire equation. 

Equations and graphs both demonstrate 
a relationship between variables. In this 
case, the variables are C and t. Graphs and 
equations are just different ways of showing 
the same thing. 

How do I know where to plot my 
points if they don’t fall on an exact line 
on the grid? 

Don’t stress! Just look at the numbers 
on the axis (that’s the line at the edge of 
the graph that tells you what numbers go 
on what grid line) and estimate where your 
point should go. As long as you’re consistent 
about being close, the graph will be good 
enough to use. 

Another thing to think about is that graphs 
won’t always be as big as Ed’s is. He's 
thinking pretty long term. If you’ve got a 
graph that you can work with just between 
0 and 10, for example, it's going to be much 
easier to be exact with that smaller range of 
numbers. 


theretcire no 

Dumb Questions 

What’s is exactly is a trend again? 

A trend is just the general direction 
of a line. If a graph is heading upward, that 
means that as one variable increases, so 
does the other. And if the line is heading 
downhill, as one variable increases, the 
other variable decreases. 

How do I know which number to 
plot using the bottom axis, and which 
number to plot with the side axis? 

Usually, each axis on your graph is 
labeled, like “time” or “number of weeks” or 
"Ed’s cash.” Once you see that, you’ll be able 
to plot each value along the right axis line. 

If not, you should label them! If your 
equation is in terms of x and y, then the x is 
horizontal and the y is vertical. In the case 
where your variables are different, hang 
on—you'll be learning how to identify the 
structure of a linear equation, and then you’ll 
be able to see which variable is acting like 
the x and is horizontal. 


Can a graph show any variables? 

Just like with equations, you can 
use any variable you want, x and y are the 
most common, with x typically being on the 
horizontal axis, and y on the vertical axis, 
but you can use anything you like. 

Do we have to figure out the points 
first every time? Or can we just draw the 
line right away somehow? 

You don’t have to always plot points 
first. We’re going to learn some methods 
that you can use that don’t require ANY 
computations at all. Then, you'll be able 
to graph an equation by just looking at the 
equation. But you're going to need some 
more information first... 

Can a graph show any variables? 

Just like with equations, you can 
use any variable you want, x and y are the 
most common, with x typically being on the 
horizontal axis, and y on the vertical axis, 
but it can be anything. 


A grapk anct an ecpation are just 
diHerent ways oi looking at a 
relationskip between two variables. 
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project the future 



A-ftcv- 1 > v/ccks 


Ed is iJiinfong he’s going to need a new blade. It’S $375. ^en can Ke get thai? 

Betv/eeh 午 a^d ^ v/ccks. So ir> -tlic veal v/orld, it’ll probably be a-f-tcr v/cck *5 
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graphing 


Ok great, now I can 
see what's coming up 
and plan some expansion. 


The graph gives you all the answers. 

Just by looking, you can let Ed know the details about 
when he can afford things. Now he’s going to get 
started with his mowing season and save up to buy 
new lawn accessories. 



But sometimes tilings ckangfe... like 
kurting[ your leg in a freak weed 
wkacker acciefent … 
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new circumstances, new equations 




I broke my leg running over a 
pothole, and ifs going to be 10 
weeks 'till my cast comes off. But 
my customers need their grass cut! 


Ed needs to subcontract. 

Ed can’t afford to lose all of his customers 
this early in the summer. He’s only 3 
weeks in and will be out of commission 
for 10 weeks. Luckily, his brother agrees 
to help him out... for $19 a lawn! ^_ 


Even though Ed only gets S12 a yard, 
Ed’s desperate, so he’ll have to make up 
the difference on each lawn out of his 
own pocket. 


Eds biro-fchc^ 
^ov/s ihai 
is siutkl 


A "ew situation needs a "ew equation 


td \,as i weeks ^ law« 

■ … 妊 “ 山。叫 .. 


Ed need to know how much money he’s got in the bank and how long he can afford to 
pay his brother. Ed was charging $12 a lawn, and his brother costs $19, so it’s going to 
cost Ed $7 extra per lawn until his cast comes off. 


O 


Can Ed afford to pay his brother and keep his customers? 

You need to work up a new graph showing Ed’s new situation —— paying 
money instead of making money^for 10 weeks. 


O 


Will Ed run out of money before his cast comes off? 

This is only a 10 week situation, but Ed doesn’t have a ton of cash. At 
the end of the 10 weeks, what will Ed have left? 
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graphing 




Work with Ed on a recovery plan. You need to figure out what Ed has, what it will cost him to hire 
out his brother, and when Ed will run out of money. 


Write Ed's new cash equation: P?. s .b.ff..t..r. 

Use C By\A i like wc did bc-fovc - but you 
also heed *to keep m m'md how n\[ACM mo^cy Ed 

stair-betf Witt'sutt^art'wK^t'sf^vid.. 

When does Ed run out of money? 

1 . 

Tha 七 Will C - 0 


Will his cast be off? (circle one) Yes No 


If Ed will still be in a cast, how can you figure out how far into debt he’ll go? 

丄 spot dowh some ideas - ho h_bcvs 饮 
ahythihg - o-f ways you dould ^iguve \i out 
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equations predict the future 



Work with Ed on a recovery plan. You need to figure out what Ed has, what it will cost him to hire 
out his brother, and when Ed will run out of money. 
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Draw a graph of Ed’s new equation. 


C 二 zsz — 午，七 
\^C-0, then 七二 5.1 午 2* 



You need one more point, so you can draw a line. Try setting t = 0; it’s easy 
to solve for. Once you plot those two points, you can just draw the line, 
and that’s the graph of the equation. 
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graphing 


We need to expand the graph to read 
that last value, right? If the C values went 
lower, that would work... but he's in debt, 
so C will be less than zero. 


The Cartesian Plane allows values to go PEIOW zero 

Lots of graphs need to show negative numbers. The math standard for a 
graph is called the Cartesian Plane. Using the Cartesian Plane, both 
of the axis values can go negative, which means your values can also be 
negative, or less than zero. 

Here’s what the Cartesian Plane looks like: 
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the cartesian plane 


Lefs graph Ed's equation oh the Cartesian Plane 

Just because we started with a smaller portion of the plane for Ed’s graph doesn’t mean 
we need to stay there. If we put Ed’s graph on the Cartesian Plane, we’ll be able to read 
off the value we need and figure out how far Ed is going to go into debt. 

When we first started with Ed’s graphs, we just made up a grid and plotted the points 
we knew. Each point was actually an ordered pair: one number followed by another 
number. We write those like this: (0, 252). The first number is the horizontal number, 
the second is for the vertical, and the parentheses say the numbers are connected. So 
each point for Ed’s graph is (f, C), where t is time, and C is Ed’s cash: 



Ed's graph has two INTERCEPT points 

A linear equation is an equation that expresses a relationship between two 
variables^like the relationship between Ed’s cash and time. The line that 
represents a linear equation has points where it crosses the x-axis and y-axis ， 
called intercepts. 

Where C = 0 is the ^-intercept, which is where the line crosses the f-axis. And 
where f = 0 is the value for the C-intercept, where the line crosses the C axis. 
These intercepts are usually called x- or ^-intercepts because x and j; are the 
standard labels for the horizontal and vertical axis lines. 
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graphing 



Hey, how can you just extend the 
lines into those other quadrants? We 
don’t have any points to plot over there. 


Lines go on forever. 

After you’ve figured out any two points for an equation, you can draw a 
line through those points, and you’ve graphed your linear equation. But 
lines don’t just stop. If nothing changes, they’ll go on forever —— to infinity. 

It makes sense that two points make a line, but why? Because to be a 
specific line, you need a point and a direction. If you plot just one point, 
you can draw lines in all different directions that go through that point. 
Once you’ve picked a second point, you know which direction that line 
has to go to hit both of them. 

To graph a straight line: 

Q Plot two points that satisfy your equation. 


❺ Draw a straight line through (and past) your two points. 

Lines go on forever in both directions, so the line you draw has to go 
past both of your plotted points. 

^ Add arrows on both ends of the line. 

The arrows indicate that the line goes past the part of the equation 
represented on your graph. 


The truth about linear equations … 

A linear equation is an equation that defines a line. That means any equation 
of this type, when you graph it, will produce a line. You can identify a linear 
equation by looking at it: if it has one or two variables, those variables have an 
exponent of 1, and all of the terms are constants or constants multiplied by 
variables, it’s a linear equation. 

Once you have looked at an equation and determined that it’s linear, plot two 
points and draw your line. Start by setting one variable to 0, and solve for the 
other variable. Then flip the variables: assign the second one to zero, and solve 
for the first. This will give you your two intercepts. Then you can draw a line 
through the intercepts, and you’ve got your graph! 


Ed’S is Imcav-* 

乃 C = Z 兑-午％ 

c ^ ^ 

TKc -terms avc all 
ov\t of W variables 

multiplied W a 

or just a 6o”star>*t 
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bullet points and questions 


thereicire no 

Dumb Questions 


Q/ Why are intercepts such a big deal? 

Because they are one of those 
things that makes life easier. Ever noticed 
that when you throw a zero into the mix, 
equations seem to get easier? Since the 
x- and y- intercepts both allow you to set one 
coordinate in an equation to zero, they make 
finding a point to plot pretty easy. 

I’ve heard of a table of values, what 
is that all about? 

A table of values is a more formal way 
of solving an equation to get points to use 
on a graph. Typically, you set up a table with 
columns for thex value, they value, and the 
equation. You plug in values for x and solve 
for y, and then vice versa. In fact, that's a lot 
like we did with Ed... just a little more formal. 
The big difference between using a table of 
values and solving just for the intercepts is 
speed. You’re only solving for two, easy-to- 
find points with intercepts, and that's usually 
pretty quick to do. 


What about equations with more 
than two variables? 

That’s a 3D graph, and we won't be 
doing any of that! You don’t need to worry 
about those types of graphs in Algebra. 

Is there a way to check my graph? 

Yes. The easiest way is to solve for 
another point and make sure that it’s on 
your line. For our example, if you substitute 
x = -1 and solve for y, the y-value you come 
up with should be on your line. If it’s not, 
something’s wrong. 

Why is that grid called the 
Cartesian Plane? 

This standard form of a grid was 
created by a guy named Rene Descartes in 
1637 as part of his work to merge Algebra 
and Geometry. It works perfectly since we're 
going to be creating shapes (like lines) that 
can be described by Algebraic equations. 


Why are the quadrants written in 
roman numerals? 

That’s just the standard way all 
mathematicians talk about graphs—using 
roman numerals. 

Is there a standard variable for 
each axis? 

Yes, typically x is the horizontal axis, 
and y is the vertical. That doesn’t mean they 
have to be, though. Ed’s equation used C 
and t, and that was okay, too. 

The Cartesian Plane just shows a 
relationship between two variables. You 
can either swap out the variables in your 
equation for x and y, or you can re-label 
each axis in the graph. 


% 


BULLET POINTS 


■ The typical variables for a graph are 
x for the horizontal axis, and y for the 
vertical axis. 

■ x-intercept is the point where the 
graph crosses the x-axis (x, 0). 

■ To solve for the x-intercept, set y 二 0 
and solve for x. 

■ The y-intercept is the point where the 
graph crosses the y-axis, (0, y). 


To solve for the y-intercept, set x = 0 
and solve for y. 

Ordered pairs look like (x, y). The 
horizontal axis goes first, and then 
the vertical. 

Lines are defined by two points and 
go on forever. 
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graphing 


(^terpen your pencil 


Using the full Cartesian plane, read Ed’s graph to figure out how 
much he’s going to owe 10 weeks from now. 



How much is Ed going to owe? 

Just yb "biiis -from 

do/t t\ttA a supcv • 一 r^umbcv. 


After Ed’s cast comes off, he’s going to go back to earning $84 a week. 
How long is it going to take him to get out of debt? 


To solve -tKis, you Kavc *to 50 bad k -to 

。叫 mal c^uatio^, C ― 
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ed’s going negative 



Using the full Cartesian plane, read Ed’s graph to figure out how 
much he’s going to owe 10 weeks from now. 



10 


How much is Ed going to owe? Ed is jx> be about \V^O m debt 


\ c 二 m 

After Ed’s cast comes off, he’s going to go back to earning $84 a week. 
How long is it going to take him to get out of debt? ,^ 今 

V=>0 - 0 午 t 

jjJ^O \s *thc new thmj v/cVc out "time 

•for, so wc substitute i 七 m'to c^uatio^, 

just i\\t way v/c did bc-fov-c- 

. 


Tha-ts jus-t about I weeks, wow. Tha-t 0 们 - 丄 

^ .'. s . M .wcck$ 士 7.’•••••• 二 . •' 

iivto summev fihdludihg dast ii^e a^d 
cvcvytK'mg) just -to be badk at O. 
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graphing 



Well, 3 weeks wasn’t too long, 
and now that my cast is off, maybe 
I can get more customers and make 
up for my lame start. 


Ed needs to take on new clients. 

Ed needs to get his summer back on track. He’s into June 
and healed up, but he owes money and wants to make up 
for lost time. Ed’s created a new form where he details 
each lawn, so he can give potential customers new quotes. 


Ed’s focusing on how hilly lawns are, so he can charge 
more based on how steep a lawn is. Here’s his new form: 
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whafs the slope? 


Ed's figuring out the SLOPE of lawns 


To make sure he’s consistent in figuring out how steep a lawn is ， Ed’s 
developed a system. He starts at the street and measures some key 
features of the lawn. Then he puts that information together and 
turns his information into a number for the slope of a lawn. 


Here’s how it all works: 


Ed’s slope 


Rise 

Run 




rtoNx -fav over 

如 e UU 心 0 es . 


For the 
lawn below: 


Slope : 


Rise \0 -feet 



Run 七 ovcv 


[dward's Lawn Service 

Mew Customer [stimate 

Customer name 

^ Mrs Ethel p. Humphries, 8 InfiNite L 。 叩 

Slope [valuation: 

Slope = 0 

fee / 

4,2 / 


Slope > 0 

420 


Slope < 0 

415 


Overall lawn cost: 

420 


訟喊 ㈡ 

,2 ° 山 sed 如 


\0 -fcc-t 


This is 心 叶 0 
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^ -feet 





graphing 



Figure out the slope for each of Eds new clients and how much he s 
going to charge. Remember: Rise over run! 


Grmpli 


The house is 

the yoimd) 


Lawn Chan 

Look ba^k at 
Ed's dhav-t. 


The stvcct 
level is at 0 „ 


TKc Kousc is 
午 (tti ovcv. 


Slope =- 


TKc street 
level is a 七午 . 


Kousc is 0 "fee 七 
o-f-f -tKc you^d- 


R ⑽ c > - 


Slope =- 


TV>c Kousc "is 2 - 
•fee 七 over- 


The simeei he 代 


This poih-t is 
2 - -feei up. 
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slope solutions 















graphing 



These slopes are just 
lines on a graph, right? So 
don’t those lines represent 
equations, too? 


A line on a graph always 
represents an equation. 

In fact, if you know one point on a line 
and the slope of a line, you can write out 
the equation for that line. 



An equation can take several different 
forms... and you can use the form that 
helps you out the most. 

When linear equations are written a certain way，they 
have a particular form. The form is just the order of 
the variables, numbers, and operations. Sometimes 
a form has two points, and sometimes it has an 
intercept and a slope. 

But no matter what form of a linear equation you’re 
looking at, every line has a slope, intercepts ， 
no exponents greater than one, and two 
variables. Understanding the forms just means 
knowing how to interpret the equations and write 
them in different ways. 
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point-slope form 


Linear equations m poiwt-slope form 

The point-slope form of a linear equation represents an 
equation as a point on the line and the slope of the line. So as 

long as you know a line’s slope and one point on the line, you can 
use the point-slope form: 



These terms probably look a little weird and are a little confusing. Are they 
variables or constants? And what are those little numbers? 

Here’s the deal. The little l’s below and to the side are called subscripts. They indicate 
a specific value of x andjy, and since the subscripts are the same, they indicate that those 
x and j; values go together. So here’s an ordered pair: 

(知怂） 

This pair represents a point somewhere along the line. It can be an intercept, but it doesn’t 
have to be. With any single point you can still write the equation. 

Since they’re a point on a graph, they are also constants, not variables. So in the point-slope 
form, you’re taking an ordered pair that represents a point on the line and splitting the two 
numbers of that pair up in the equation. 
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graphing 


How does a point and a slope get you a line? 

You’ve actually already seen how to figure out slope. We used the idea of rise 
over run to figure out slopes for Ed’s yard estimates: 


Slope 


The numbev un'i-b ^ oy dov/tn 

及 i 狄 (v>c^a-twc vise meatus dovm). 


Run 


The number o-f units 
叶吵七 。 Heft ^e 9 aiiv e 
ao \ e (i). 


And you’ve already got one point on the line, so 
here’s what you do to draw the entire line: 


❶ Plot the point. 

If you start with the point-slope equation, 
that means your point is : (文 y ^ 


^ Interpret the slope and use it to plot 
the second point. 

If you just go up the rise, and over the run 
you can plot the point you land on, and then 
draw your line. 



Connect your points to form a line. 
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no dumb questions 


thereicire no 

Dumb Questions 


(Xp yj can be any point? 

Any point on the line. Ed knows 
two points for his lawns, so we could pick 
whichever one we want to use for the point- 
slope form of an equation. 

This slope thing seems a little fuzzy. 
“Downhill,” “rise,” “run”", are these really 
math words? 

Sure. Just because it's Algebra doesn’t 
mean it’s complicated and weird. These 
concepts can be much easier to learn with 
more basic terms. Saying that a negative 
slope is downhill just makes sense, right? 


Why is the slope so important? 

A. 

Jr \* Every line is defined by some type 
of slope. If you have a negative slope or a 
positive slope, you'll know if y goes up or 
down with x. 

That translates into whatever two variables 
you’re working with. For example, Edward 
saves more money (C) as time (f) goes on. 
So that equation has a positive slope. 

Do we need to memorize the form 
of the point-slope equation? 


Yeah_ It’s pretty easy to do, though. 
The slope-intercept equation comes from the 
definition of slope. 


slope = 


rise The hse 
run is -the 

^ bciwcch -two 


m = — ——— y^ 00 ^dinaies 


x - Xi 

The vw '>s the diWev-er.de 
be-t>wee« values d 七⑽乂 


toovdn^S'tcs. 


从 ter some 
一 —aW... 


y - y x = m{x - Xi) 



x 1 and y^ave the opposite sign. 

The trickiest part of this equation is that positive x 1 and y 1 values 
are subtracted. That means if you see addition signs in the point- 
slope equation, you Ye dealing with a negative coordinate value, 
not a positive one. 
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sharpen solution 


^Sharpen your pencil 
Solution 


Try graphing a couple of point-slope equations using what you 
know about form to make it easy! 
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graphing 



Let’s Jo it... 
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more point-slope equations 


Lefs use the poiwt-slopc form 

If you take Ed’s first lawn and use the information you’ve 
already figured out, you can write the equation for that 
line with no additional calculations: 




This is qud 七 ioh ih 

poih"t—slope TO\rrv». 


The same holds true for any line for which you know a point and the slope. Just start with the 
general point-slope equation, and substitute the values for m and x { and ， and you have a 
valid equation for the line. 

Watch the signs! If you have a negative value for either x { or put it in the equation with the 
negative and then simplify. You’ll end up with an added value in the equation for the line. 
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T\\t s-tvcct 一 
level is a 七午 . 


5 


y 



5 

y This poih-t is 

2 - -Pcc-t up. 

j i y i. i 

The si^rcei hcvc 4 
ls 2 - -Pcc-t up. 3 



.十 -fee-t over 

i 

-5 -4 -3 -2 -1 

1 2 3 4 5 





.:3. 


-4 


. ..-5. 



graphing 


)lawns that Ed evaluated in point-slope form. 


fee 七 


The point you’re 

going to use: ( ) 


Slope = 一 2* 


General 

point-slope 

equation: ..... y. 二儿 • 〒 . 辦 (X 二 


This lawn’s 
point-slope 
equation: 


The point you’re 

going to use: ( ) 


Slope = 


General 

point-slope 

equation: ..... y, .^i). 

This lawn’s 
point-slope 
equation: 
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increase ed’s business 




TWis is y/V>cv-c 

The point you’re ( 
going to use: ( ^ % ) 

Slope = 

General 

point-slope 

equation: • y. : ~.^i) . 

This lawn’s ^ 

point-slope / 

equation: y - 2- Oj^. - 

does^-t look l*ke r\^i ^ 

if ㈣ 
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graphing 




With a slope of 0, things get weird. 

There are cases where the point-slope form won’t 
quite describe the line, like when a line has a slope 
of 0. 

That last lawn is definitely a straight line. So how 
do we express an equation for that line? Well, we 
know that the equation will have to be in terms of 
x and/or j; somehow, but what about slope? How 
does a zero-slope work? 


Horizontal lines require a different form 

Ed is looking at a nice, flat lawn. The rise of the line is 0, so 
it doesn’t matter what the run is because the slope will still 
come out to be zero. 


TKc slope oi a Kov'izo^-tal 

Ime is always 0. 


Writing an equation that describes a horizontal line like this 
is actually pretty simple. Since all of the j; values are the 
same (2 in this case), you can just write: 


y 


w，r，ie y-valu« h e ^ e . 



So since the slope is zero, 
what happens to x? It can’t 
be zero, too, right? 


There’s an x with a coefficient of 0. 

If you have a coefficient of a variable that’s zero, the 
variable will disappear. This equation can be written as: 


It still doesn’t really look quite right. Good thing 
there’s another form that will work better... 



Z uaiwsuv 
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sfandarc/ form 


Equations also have a standard form 

There’s a form of a linear equation called the standard form. A 
horizontal line is a very specific case in which point-slope won’t 
work, but there’s a more general form. The standard form actually 
takes bothjy and x into account and works when the slope of a line 
is zero: 


ax + by 
u 广 f 

A b, t 3lrc humbcirs ih 
C<\uatioh (<yr d Ime. 



㈣ :: 二 a i 


In this form, there’s no m. That means none of those variables 
mean slope. And a, 6, and c do not stand for anything relating 
to a graph, either. So this form isn’t quite so easy to turn into a 
graph. But that’s okay because this equation handles every type 
of line, no matter what. 


That^s oy. + /y 



That，s right! 

Any other form of a linear equation can 
be turned into the standard form. So 
we can turn the earlier equation, j; = 2, 
into the ax + by — c form. 
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There’s one more form... and this 
form IS great for graphing. 

The last equation form that’s left is similar to 
point-slope in what it contains. This last form 
comes with a point and a slope within the 
equation. 

This form includes the j;-intercept, so it’s called 

the slope-intercept form. 


The slopc-iwterccpt form is EASY to graph 



Not only that, but slope-intercept comes with the same constant for slope, 
m. So m is the slope, just like it was earlier. On top of that, x andj; are still 
variables, like all the other forms of linear equations. The intercept is the part 
that’s different. Here’s what this format looks like: 


slo?e, 1 如 aUays. 


This is the same slope 
bcch talking about 


v-isc ovcv VUh- 


JflX + b b) is -the So b is 

% v/hcv-c a lihe dvosscs -the y-a 乂 is. 


graphing 


To draw this line, just plot the y-intercept at (0, b) and then find your 
second point using the slope, m, just like you did before. 
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equation form review 



Linear Eqiiati^ns iJp CjaSe 

Point-slope form 


This form has a lot going for it. It gives you a quick point to plot, and it gives you a 
slope, so you can plot the rest of the line. 


The downside is that if you need to manipulate this form, you’ll have to use a lot of 
distribution and parentheses, and the constants aren’t together, either. 


Rise 



tke eejuation. 


Standard form 


Standard form is straightforward x and y both have a 
coefficient, and there’s another extra constant. This form 
works for all lines, and it’s an easy equation to manipulate. 

Graphing is tough with standard form because you don’t 
have a slope or a point to start with. The only way to 
graph this form is to solve for a couple of points and then 
plot those points and draw a line. 
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graphing 


Slope-intercept form 

This form gives you theyintercept，and it gives you a slope so you can plot the rest of the line. 

Slope-intercept is a good middle ground. It’s easy to manipulate, and it gives you a point right 
away. However, if thej;-intercept for the graph is really high or really low，it can make graphing 
the line really tough. 



Slope-intercept is great : for 
g[rapliing[ lines tkat cross tke 
y-axis near tke origin and is 
pretty easy to manipulate. 



ax -\- by = c 

| 

y i 

i 




r 


X 

\ 

aestvibe all Vm 
tascs 、* 

CS, 

W •叫 

t- 

r 


Stanctarct Wm is 
easy to manipulate 
tut karct to grapk. 


you are here ► 


183 







know your equation forms 


Team Chat: Forms of a Line 


A 

Jane 

m 


You can tell, just by looking at an equation, 
what the graph will be? 


Yeah - just by remembering those forms. 


But how do we know what these things will 
look like? Are they really going to be lines? 


Yeah - if there’s an x and a y without 
squared terms or anything, it’s a line. 




A 

Jane 

[1 


m 


Ok fine, it's a line. But what kind? You can’t 
really just pull numbers out of the equation 
and treat them like points. 


Yeah - as long as you know what form 
you’re looking at. 


That’s the part that’s hard for me. 


Here’s how I remember: point-slope has 
parentheses, slope-intercept has x and y 
on opposite sides, but no parentheses, and 
standard form has x and y together. 


John 

x 

: V f . 


That helps, but to see what an equation really looks like, though, we need to graph it, huh? 


Use the equation form to your advantage 

You know enough now to look at an equation and graph it, if it’s 


You can look 


you Know enougn now to look at an equation ana grapn it, u its ftU € UStlOll I 
a point-slope or slope intercept equation. If it’s in standard form, 

then you know to solve for some points (y = 0 and x = 0 are easy v 

ones), and then plot your line. O J J 

That means most of the time no computation is required! Just draw. IvHOW tllG ^01 
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which form? 


GRAPH IT! 
SOLUTION 


Equation: 

^ is 


You’re ready to graph some equations. Here are several equations 
in different forms... draw a visual representation of each one. 

10 - 

9- 
8- 
7 - 

W 3 ::: t 

av\d w vW ’ 1 士、 / 


二孓 x — 2 - 


This is the 


y-ihtevdept 

(o L7： n ..... 


What form is the equation? This is a slopc-'m-tc^cp-t e<\uaticm. 


f 123456789 10 

、 Slav 七 V^cv-c, v/i-tK i\\t 
•mWwt ⑺ ，- 2-). 


Equation: lx Oy = 7 



by : tK^t.. 

the O makes y go away, you 
ddh see that this is x — 7 


What form is the equation? This is m standard -form. 


Equation: 


产 The slope is negative ohc ovcv* 
-t That s doy/h I, dhd iright Z- 

y + 2 =--4( x -1) 


This medhs -t^c y value *fov 
• Vott\n foint is* — 2 --.* £m 之 e. 
•TO'ri^ sub*t^*a 乙 "ts "the ^oihX) 

一(一 2*) becomes +Z- 


The po'm-t 


The pom-t you yt OU-t 
plot -t^at -fivs-t- 


What form is the equation? This is a poiht slope equation. 
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graphing 


tlieretcire no 

Dumb Questions 


Why does m stand for slope? 

Nobody really knows. Descartes (Mr. Cartesian Plane 
himself) didn’t use it. There are ideas about "modulus” or 
maybe it’s just because it’s a letter in the middle of the alphabet. 
At this point, it’s just what everyone else uses. 

Why do we use “b” for the y-intercept? 

Well, that’s another mystery, like slope. In modern day 
math, several other countries use different letters for the 
y-intercept, like k, n, or h. 

If x and y are on the same side of the equation, can 
the equation still be in slope-intercept form? 

Sure, but you’ll have to manipulate the equation to get it 
in the form y = mx +b. The signs can be different, but that just 
means that the constant is a negative number. 

Why are m and b constants but x and y variables? 
How can you tell when a letter is a variable and not a 
constant? 

The constants are what will appear as numbers in 
a typical situation. When you learn a standard form of an 
equation (like slope-intercept), you know now that m and b are 
constants because they’ll always be the same in the equation. 

And here's another clue when looking at a new equation: the 
coordinate plane is based on x and y, making them variables, x 
can take on all sorts of values, just like y, but m and b stay the 
same. 


You keep saying that “form” is what’s important. What 
does that really mean? 

The form of the equation is just the arrangement of 
variables and constants. For example, in a point-slope equation, 
you have to have the y isolated on one side of the equation and 
anx term on the right for it to be in point-slope form. 

What if I have an equation like y = x? Is that in any 
special form? 

Yes. y = x is exactly the same as 
y-lx + 0, which is slope-intercept form. So here, m = 1, and 
b = 0. And since you have an m and a b, you're ready to plot 
your graph. 

When would you start with a graph and need to write 
the equation? 

It happens a lot, actually. When you have a plot of actual 
data—financial data or experimental data—and you need to 
write a line to generalize what’s happening, you'll have a graph 
before you have an equation. 

You can really just figure out the slope and the 
intercept and write an equation? 

That’s the beauty of having standard forms. Everybody 
knows that the coefficient for thex term is the slope, and the 
constant that’s added onto the equation is the y-coordinate of 
the y-intercept. 


If m is a whole number, then what’s the “run” of “rise 
over run ”？ 

Think back to your fractions! Any whole number is the 
same as a fraction with the whole number in the numerator and 
one in the denominator. So, if you have a slope of 5, then it’s 
the same thing as 5 over 1, or, “rise 5, run 1.” 


H your slope is a wliole 
number, tke RUV tke 


slope is tkat numter, and 
tke RISE oi tke slop< 


)e is 
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ed’s growing business 



I've been cutting those three new lawns 
for 2 weeks now. More people want 
quotes, and it's too much for me to keep 
up with, so my brothers going to help. 


Ed and his brother have gotten over 
their differences. To make up for 
taking all of Ed’s money early in 
the summer, his brother is going to 
work for free to finish the season. 

Ed has been evaluating his lawns based on 
drawings and deciding how steep the slope is, but 
his brother decided to get creative. 

He’s using a “new system” and when he turns 
the form in to Ed it has equations for the lawns 
instead of the pictures. 
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graphing 


Your job is to convert each equation to a form 
that you can graph. Then, graph each equation 
so Ed can get these customers estimates._ 










draw the equations 


Your job is to convert each equation to a form 
that you can graph. Then, graph each equation 
so Ed can get these customers estimates. 



Lawn [valuations: 


[dwarfs Lawn Service 

Mew Castomer [stimate 
Smith's Lawn 


This e <\uaiio« is m slo^e-miev-de^i -fovr«. • 
TKe is (0,1) and iKe slo^e is 


Thai r«ea«s iKe <r.se is a«d iKe is Z- 



Chadwick’s Lawn 


7x + 3y = 15 













graphing 


So what's the final 
amount I’ll end up with 
after all these new yards? 


Ed’s had a busy summer — and not all of it good. He started out 
strong, broke his leg, had to pay his brother crazy amounts just to 
keep his customers, but then things started to turn around with a 
bunch of clients. Here’s what happened: 


Ed spent the first 3 weeks of summer mowing 7 lawns, for $12 each. 



Ed broke his leg and had to spend the following 10 weeks in a cast. His 
7 clients were still paying %\2 a cut, but Ed’s brother was charging him 
$19 a lawn. He ended up $250 in debt. 

For two weeks, he goes back to cutting the original 7 lawns for $12 each, 
and three new lawns, one for $20, one for $15 and one for $12. 


Then his brother signed up these last 2 lawns at $15 a lawn. He’s going 
to cut all of the lawns for the rest of the summer —— 6 weeks. 



How muck is Ed going to enct up making? H you 
need some kelp, turn tke page for a few liints … 


you are here ► 


191 


project ed s future 


Exercise 



Figure out how much Ed is going to make by the end of the summer. Draw him a graph to 
show his cash projections for the next 22 weeks (that’s how long his plan runs). 


Fill out this chart to get started: 



午 - 1 千 

Broken leg/ 




rales ： € fBI pev v/cck ai 
a-t flZ I ai % v/eeb - f Zt>l 
ar>d I ai fZO 



H - ZZ 


fBI + jiO pev week ^ed {o wv-ite an 
- s i^i c<\ua-tioh ar»d plot a 

yaph -for -this part/ 


Write Ed’s cash equation for the end of the summer: 
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graphing 


Plot the new equation here: 



1000 

；c 


800 - 

- 


600 

- 


400 - 

- 


200 


t 

-7 -6 -5 -4 -3 -2 -1 

1 

2 3 4 5 6 7 

-200 

- 


- 400 - 

- 


-600 

- 


- 800 - 

- 


-1000 

- 


How much will Ed end up with at the end of the summer? 



Read it tV>e ya 卟 -iVs xee“.. 
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the future looks bright 



Exercise - 

Lytion 

Your job was to figure out how much Ed is going to make by the end of the summer, and draw 
him a graph to show his cash projections for the next 22 weeks (that’s how long his plan runs). 


Week # 

lavjr^s? 

How mudK 
pev lawh? 

flow mudK 

did Ed 

make? 

Ed’s 

*to*tal ddsK 

1 - 3 

1 

f 12 - 

午 per v/cck -for 1> 
weeb — fZ^Z 

f Z5Z 

午- 1 千 

B\rokch 

1 

flZ per bu 七 i*t 

^os*t iiirw fCV bvm 

—- {l fC\r week 

- fer v/cck -for 

10 v/ccks — - f 午於 

-j 239 

1 弓- 1 厶 

10 

Pi-f-fcvch-t v-ates： 0 
at flZ 1 at 

ar>d 1 a-t fZO 

fBI pev week at 

Z v/eeb - f IhZ 

f’2 •午 

n - zz 

IZ 

Pi-f^cvcr>-t v-aics - 
all of "the bvms 

-fv-orw plus Z 

move ai / 

jlV \ jl>0 per week 
— f l^>l pc\r week 

You r»ccd "to v/vitc 3h 
C<\u3*tior\ 3rtd plot a 
gvapli -for -this pavt/ 







Write Ed’s cash equation for the end of the summer: 

a v/cck -tiroes v/ccks + f IZ Kc starts v/i-th 


CasK - 

TWis is a lo-t like Ed's cavly c<\uaiiov>, 
bu-t s y\o^ mak'mj more m 。 从 y a week. 

C — I 厶 li + IZ ^ 

This is in iv>e 7 = + b ^o*-r« - eas-y -to plot! 




The y - iirteveept j s /2_) 
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graphing 



How much will Ed end up with at the end of the summer? f 1000 




fact, an equation can tell Ed how much to save, how many 
yards to mow, even how a particular yard will profit his 
business. 

But sometimes you need more than a bunch of numbers 
and letters. In those cases, a graph can help you see your 
equation... and make informed decisions. 
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graphing 
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graphing 
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graph cross! 



Tools for your Algebra Toolbox 

This chapter was about graphing 
equations. 



Ca^rbcsia^ Plawc 

8 

ll \ 


BULLET POINTS 


■ All lines have a slope, m. 

■ Slope is defined as rise over run. 

■ Lines usually have x and y 
intercepts, unless the lines 
are completely horizontal or 
completely vertical. 

■ Linear equations have two 
Hariables, and neither of the 
^nriables have an exponent 
Hreater than 1. 


广 TW»s \s 

9 ty ；： 


^(Aadvan-t ,s 

^ values are 

^e^We a«d 7 
vaWes a're p'rtWe' 


-6 -5 -4 -3 -2 


TWts is -t^e 
the vevv 

1 23456789 


^eve all ^ 

,aWes W tV.e 

TW,s'.s^ I 




ax by = c 


公 vAadva^t tV^v-cc 

\s y/V\CV*C ^ 
values avc ^o^atwc, 

both a 句 . 


IV Poihi-slopc -fov-m 

is I 〆 你二 R ise 

ih e x values I X ~RT, 

positive atyd ihe I t 

m(X ~ Xi) 

£lopC-micv-6cpi -fovm 


y = mx + b 

m 二 Rise 
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6 InecjncdriSe^ 



Sometimes enough is enough... and sometimes it’s not. 

Have you ever thought，“I just need a little bit more 5 ? But what if someone gave 
you more than just a bit more? Then you’d have more than you need , but life 
might still be pretty good. In this chapter, you’ll see how Algebra lets you say, 
“Give me a little more... and then some!” With inequalities, you’ll go beyond two 
values and allow yourself to get more, or less. 


this is a new chapter 



fantasy football is algebra 


Kathleen really loves football 

Kathleen wants to start her own fantasy football team but needs 
your help managing it. Each team is limited to spending no 
more than $1,000,000 on player salaries. Your job is to help 
Kathleen put together a balanced team. 


喊: 


飞 


Each team can spend $1,000,000, but I 
need to spread that out over my defense, 
some offensive players, and a quarterback. 



SimFoottall Fantasy League 




T asa 


Defensive Team 
Running Back 
Wide Receiver 


■ W "V 。 - 

J us ^ s '» , >3lc players. Quarterback 
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inequalities 


The cost of all players caw't be 
more thaw 令 1,000,000 

Kathleen needs to fill her team roster and keep her total costs under $1,000,000. 
Here are the choices Kathleen’s got for her team... lots of decisions to make! 



^ the and 

P«ye\r lists y ou p|£k 

^ -to pu-t iogeihe ； 
^iMeens -tjji 


i^^rpen your pencil 


Using the team price equation below, can you come up with a team 
that works? If not, why? Is there a problem with the equation? 


Defensive Team Cost + Running Back Cost + Wide Receiver Cost + Kicker Cost + Quarterback Cost =1,000,000 
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compare using inequalities 


Using the team price equation below, can you come up with a team 
that works? If not, why? Is there a problem with our equation? 

Dc-fchsivc Team Cos-t + Runh'mj Badk Cos-t + Wide Rcdcivcv Cost + ^sidkev Cos-t + ^uav-tcvbadk Cost =- 1 , 000,000 

The problerw v/i-tli us'm^ 9ir\ equals sijr> is 七 1^ 七 "tlicirc isr /七 a torwbmatioh o-f playcv-s -that v/ill e^ual 

fltOOpfiOO.. \Mt do^-t r\ccd c%at"tly f1,000,000; the -tcarw just tos-t ar\y move -thar> 


厂 (f^iarpen your pencil 
、乂 Solution 


YouVe really working with a comparison 


We aren’t looking for equality here. The cost of the entire team 
just needs to be less than or equal to $1,000,000. What 
we need is a way to show that the cost can be less than that 
amount, just not more than it. 


When you have a comparison, you use something different 
than an equals sign. For that, use a comparison symbol like 
less than (<) or greater than (>)• 


Means “less 妊如 



ov t 


：«\ual W’ 


Defensive Team + Running Back + Wide Receiver + Kicker + Quarterback <_$ 1,000,000 


AlUhc player 
^dded up. 




ta« s— 




So the < sign compares one side 
of the equation to the other, right? 


The <, >, < and > symbols are comparisons. 

The first one, <， means the thing on the left is less than the 
thing on the right. The next one, >, means the thing on 
the left is greater than the thing on the right. The last two 
are less than or equal to and greater than or equal to, respectively. 
Statements using these comparison symbols are called 
inequalities since it’s about two things not being equal. 


More tkan and 
less tkan are 

COMPARISON 
WORDS, Yem’U 

see tkem all tke 
time in word 
problems. 
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inequalities 


- Inetjiialxties Tip Cl^se ； 

The = sign means “equal to,” and you already know how it works. It ( 

means both sides of an equation are the same: i 


TV>c 

CVCV 



With Kathleen’s problem, we’re dealing with inequalities. That means that 
the two sides aren’t equal, but there is still a relationship. An inequality can 
be written with one of four symbols. They all express a different relationship: 
greater than, less than, greater than or equal to, and less than or equal to. They 
will appear in an equation exactly where you would expect to see an equals sign: 


_ 、 \S less 仏 is side. 

x + 7<10^ 


^^arpen your pencil 


Below are some inequalities. Some are correct, some aren't. Write 
whether each inequality is true or false. 


5< 10 

1234 > 1233 •• 

8>4 

101 <101.5 .. 

4<8 

_ 3 〉 6 .. 

10< 10 

-10 <10 .. 

1.23 > 3.2 

-8<-4 .. 
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inequalities and the number line 

e^terpen your pencil 


5< 10 

Kcmcmbcv, -this S > 4 
is H or 

ie» w so sih^c 4 < 8 

IO=-IO, this is 、 __ 

1T< 10 
1.23 > 3.2 


Below are some inequalities. Some are correct, some aren’t. Write 
whether each inequality is true or false. 


true 

1234 > 1233 

"true 

"true 

101 < 101.5 

true 

"true 

-3 > 6 

•false 

"true 

-10< 10 

■true 

•false 

-8 <-4 

■brue 


br\c\^l > s 痛 t 

• tV ^ —必〜⑼ 

Q is 


Inequalities are COMPARISONS 

The inequality symbols provide a way to compare two numbers, or two 
sets of numbers. Let’s take a look a the number line, which is a great way 
to see the relationships between numbers. Numbers are smaller as you go 
to the left of the line, and they get bigger on the right. 


is less thah 


Plo*t bo-th 

° h ^ Ue 


| lS Ic^o^, so I .s less 

七 ‘（<)& 



-5 -4 -3 -2 -1 0 1 2 3 4 5 


伽。 i^ ee . 


^ C ^iivc e is less thah ^V- 

^-8 <- 4^ 


TV\c r^umbev -to \t^i oy\ 

Irnc *»s aUys smallest. 



-5 -4 -3 -2 -1 0 1 2 3 4 5 

V. 1 ^ 

is "to "the V'igh't o-f —^ oh "the hurwbeir lihC, so 
2 - is gircatcir -tha^ -3. 



-8-7-6 -5 -4-3-2-10 1 2 3 4 5 

- 今 . 
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^terpen your pencil 


Write an inequality using the money Kathleen has already spent 
and figure out what’s the most she could spend on her quarterback. 


To isolate 七 variable, 

-bKc. mycv-sc of C'ral|o»r», jus-t like 
you Y/ould a 妁 C^uax.iov>- 
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why inequalities matter 


(parpen your pencil_ 

Solution Write an inequality using the money Kathleen has already spent 

and figure out what’s the most she could spend on her quarterback. 

Pc-fc^sivc Tcarw + Ruhh'mj Ba^k + iVidc Receiver + + ^uavtcvbatk < 1,000,000 

Ui ^ be ^ 1>^,000 + IV,000 + 111,000 + 1^,000 + ^< 1,000,000 

s?eV；d oW . . 二 …. 7 . 

^artevbatk- — _ _ _ q^p.000 + <^ < 1,000,000 

- ； 0 ^op + «Hooo + c [ ± i,ooo,poo - 9V,qqo 

>\< 10^,000 



I’m just not getting it. We did exactly the 
same math as if it had been an equals sign. Why 
are we going through this inequality stuff? 


The big difference between an inequality and an 
equality is the MEANING of your ANSWER. 

The solution to the equation means Kathleen can spend at most $103,000 
on a quarterback. But that doesn’t mean she has to spend exactly that 
amount. If there was a quarterback for $94,000, Kathleen could spend 
that, and her equation would be true ($94,000 < $103,000). 


Reading the solution of an inequality is the easiest way to make sense of 
it. For instance, u q is less than or equal to 103,000. ,5 With inequalities, a 
range of answers work. The answers that work with an inequality are 
called the solution set. 


tit;、: 絲:上- 
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inequalities 


thereicire no 

Dumb Questions 


Why do we need inequalities? 

An inequality is a lot more realistic 
in many situations. If you only need to find 
out if you have enough gas, any amount of 
gas over what you need is fine. So that's an 
inequality. 

For Kathleen, there are a bunch of different 
ways she can spend $1,000,000, and they 
all work...even if none of them add up to 
exactly 1,000,000. 

What’s the difference between “less 
than” and “less than or equal to ”？ 

” Less than” means that the solution set 
includes everything up to (but not including) 
the value on the other side of the inequality. 
That includes decimals and fractions, too. 

So, if you have x < 6,x can be any number 
below 6. For example, 5.99999999999 is 
okay, but not 6 itself. 

If you change the expression tox< 6, then 
6 is an answer that works. 

Same deal with “‘greater than” and 
“greater than or equal to ”？ 

Yes, except the answers are higher. 

So if the inequality is x > 6, the solution set 
is above 6, for example, 6.000000001. 

We performed inverse operations 
around an inequality sign. So do 
inequality signs always work just like an 
equals sign? 

Well, not always. Well get into more 
detail later, but as long as you’re only doing 
addition and subtraction, the inequality 
behaves just as an equality. 


What do you mean, not always? 

With multiplication and division of 
negative integers, things can get interesting. 
In those cases, the inequality sign can 
change. Well talk more about that in just a 
few pages. 

Does this inequality thing really 
help? I mean, having a whole mess of 
answers doesn’t seem very exact. 

It's not. What is important to 
understand is that when you’re dealing with 
many real-world situations, you don’t need a 
single number. You actually need to know all 
the numbers that would work. 

Algebra is able to deal with many more 
complex situations than traditional arithmetic, 
and this is one of them. Part of Algebra is 
manipulating expressions to figure out the 
solution, but you also have to check that 
your solution actually makes sense. 

When do you use a number line? 

Any time you feel like you’re not quite 
sure about a comparison or how to analyze 
your answer. Well revisit number lines later 
in the chapter as a way to show the entire 
solution set. 


An equation usually has a set 
number of solutions, right? How many 
solutions do inequalities have? 

Inequalities have an infinite number 
of solutions. You’re trying to find the 
boundaries: the highest or lowest values 
that are allowed. Once you know that, you 
can solve your problem. And remember, just 
because there might be an infinite number of 
mathematically correct solutions, it doesn’t 
always mean all those values make sense in 
the real world. 

For example, there are infinite numbers 
between $102,999.999 and $103,000.00, 
but they probably don’t make a whole lot of 
a difference to Kathleen. Since she's talking 
about money, $102,999.999 is basically the 
same as $103,000.00 for her problem. 

With equality, it means the same 
thing on both sides. What does inequality 
mean? Not the same? 

Generally, yes. By reading the 
inequality symbol that is used in the 
expression, you can figure out exactly what 
the relationship is between two sides. 

What about that t sign that 
I’ve seen in math books? Is that an 
inequality? 

It means “not equal to." Like: 

4^6 

As symbols go, it’s not very descriptive. It is 
an inequality symbol, though. 
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multiply or divide an inequality with negative numbers 


Inequalities ihvolving some negative number 
operations need special treatment 


Kathleen still needs a good quarterback, but there’s another way she can stack 
the deck in her favor. The fantasy football league she’s in allows you to handicap 
another team by buying “penalty points” before a game. For every penalty point she 
buys, the opposing team loses ten yards of offense when they play her team. 



I’m playing my brothers team next, 
so I want a safety net for the upcoming game. I 
want at least 50 yards off my opponent. 


dould KaW ⑽ 
V^avc sa\d *to ^akc 
e'ualvb/ mstcad? 


Since Kathleen said she wants at least 50 yards, we’ve got 
an inequality. We can let g be the number of penalty points 
Kathleen needs to buy, and we have this inequality: 

- 10^<-50 


Take a close look at this. For every pentalty point (g), the 
opposing team loses 10 yards (-10). And Kathleen wants her 
brother to start out at -50 yards. 


To solve this, we need to divide both sides by -10: 



TWis 

— 吩 t.. 化⑽士 
sometWm^ _ 叫 


210 


There is so much wrong here; I don't even know 
where to start. Why is -lOg less than or equal to -50 
when Kathleen said H at least 1 ? Then, you get g < 5? That 
works for g = 5, but anything less than that, and ifs 
completely wrong! If g is 4, then we end up with -40. And 
that's less than or equal to -50? 


Inequalities with negative numbers need 
some SPECIAL RULES. 

Let’s take a closer look at what’s going on. 

Chapter 6 



inequalities 


Negative inequalities work PACKWARP 


First let’s deal with the “at least” part of the problem. Kathleen wants at least 50 yards 
taken off of her opponent’s offense. 51 yards, 52 yards, 60 yards... those all work. But 
40 yards is not enough. Since these are actually negative yards for the opponent, that 
means -50 yards works, -60 yards works, but -40 yards doesn’t: 


-70 


( kr.o>w 50 Yards 

-H - Q - 1 - H- 

-60 -50 -40 -30 

••• but so do 一 ^> 0 , 一 70, d 


-20 


-10 


Since numbers on the left of the number line are less than numbers on 
the right, the expression we’re trying to solve has to be less than -50. So 
what we end up with is this: 

- 10^<-50 

Whatever the left side of our inequality comes out to be, it has to be less 
than or equal to -50. 


Multiplication and division of negative numbers 
causes problems for inequalities 

So now we need to figure out what went wrong at the end when we 
solved for 多 The reason that the inequality doesn’t work with negative 
numbers is simple: negative numbers are backvoard. For example, -10 is 
actually less than -2, exactly the opposite of the positive numbers 10 and 2. 


One “W k a 
vcall'f ^ ^ 



But s'm6C its 
y>c^a-t'ivc, iVs v/ay 
less z^ro, 
i^s value IS SmSlI- 


— 1,000,000 < _ 10 , . ii,, 

- ^ ...but also 

乂 ~ tlosc -to Z^vo, SO \t S 
value *»s 


The end result of all of this is that when you multiply or divide by a 
negative number, the relationship expressed with the inequality is reversed. 
That’s because you’re changing the direction of the relationship of the 
numbers to zero. 


H you multiply 
or divicte ty a 
negative numter 
tke inec|uality 
tecomes tackwarcts. 


So, hozv do you handle that? 
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multiplication and division with negative numbers and inequalities 


FllP the inequality sign with negative 
multiplication and division 

Since the value of negative numbers is the opposite of the size 
of the number，negative numbers reverse the relationship of the 
inequality. For an example, let’s multiply both sides by -2. 


A/lultiply by -2.) 

•fov example- 


|G is d 

but v>oy/ 七 Wc ， 

a lessev value- 


number \ ^ ，七 ivc 一 bev 

^9>- 1 


2)9? - 1(-2) 

， —— 

Si f mow the or>c is 

—18 ? 2^ 、 positive -two - 

a bi%cv~ value- 

- 18 ©^_ 


丁 is 
(row ^ 
starbed 


The inequality started with a larger number on the left and ended 
with a larger number on the right^the opposite relationship. The 
solution to how to work with this is easy. When you multiple or divide 
by a negative number, flip your inequality sign.. 

Use the number line to visualize the relationship 


Plot 9 >- 1 



-19-18-17-16-15-14-13-12-11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 

I 

l l^vcasm^ values 
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inequalities 


Whew yooYe working with aw inequality 
and negative multiplication or division... 

Q Start with a valid inequality. 

The inequality can contain numbers or unknowns, and it just needs to 
be true (and if you can check it with a number line, that’s good too). 

❺ Work with the equality just like an equation, as long 

as you don't need to multiply or divide by a NEGATIVE 
number. 

❺ Multiply or divide both sides by a NEGATIVE number. 

If you need to multiply or divide by a negative number, be sure and do 
that to both sides of your equation. But you’re not done. Anytime you 
multiply or divide by a negative, you’ve got to immediately... 

^ Flip the inequality symbol in the equation. 

Do this right away! Greater-than becomes less-than, less-than-or-equal 
becomes greather-than-or-equal, and so forth. And you have to do this 
every time you multiply or divide by a negative number. 


It’s easy to visualize the location of your numbers on a number line and figure out how 
the inequality relationship changes. The inequality sign is just a way to keep track of the 
relationship in your equation. Your job is to work with your equation and the inquality sign 
in a way that preserves a correct relationship. 


So, all you have to do is reverse the inequality when you multiply or divide by negative 
numbers. You’re not changing the expression... you’re actually preserving the expression. 


tive 


Vegatr 
numljers get 


LARGER in 

value as tkey 

get CLOSER 


to zero. 
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iJieretcire no ^ 

Dumb Questions 


Q/ How can we just flip the inequality? 
Isn’t that changing everything? 

Actually, flipping the inequality is how 
you keep things the same. If you remember 
the number line,when you multiply or divide 
by a negative number, you change the 
relationship between the two sides of the 
equation. 

The inequality symbol is just keeping track 
of which side is worth more. A high negative 
number is worth much less than a low 
positive number (and visa versa). 

How do you flip a < ? 

If your inequality has an “equal to” 
component, you replace it with the opposite 
“equal to” inequality. So, less than or equal 
to” flipped is “greater than or equal to.” 

Can you tell me again exactly what 
a solution set is? 

The solution set for an inequality 
contains ALL of the numbers that make your 
inequality true. 


Will I ever have to flip an inequality 
sign more than once? 

Possibly. If the inequality is written 
in such a way that you have to multiply or 
divide both with a negative number more 
than once, you’ll flip your sign more than 
once. Just flip your sign every time you do 
the negative multiplication or division, and 
you’ll be okay. 

It’s just like when you solve equations; if you 
apply all the rules correctly, you’ll get the 
right answer every time. 

What if I need to multiply or divide 
by a fraction, or a decimal. Do I need to 
flip my inequality sign then? 

Only if it's a negative decimal or 
fraction. It doesn’t matter what form the 
negative number comes in; if it’s negative, 
you’ll need to flip the inequality sign. 


What if I add or subtract a negative 
number? 

There’s no flipping required. That’s 
because you’re preserving the direction 
things are going. If you add a negative 
number to both sides, both sides of the 
inequality will be moving to the left on the 
number line at the same rate. That means 
the sides of the equation have the same 
relationship to each other. 

Remember, it's all about the relative 
relationship of the sides. If that doesn’t 
change, then there’s no reason to change 
anything. 

What if we’re just simplifying an 
inequality by multiplying or dividing 
one side of an inequality by a negative 
number? Something like (-3)(2) > -10? 

In that case, since you’re not moving a 
negative number across the inequality, you 
don’t change the sign. So, if you work the 
example, you get -6 > -10, which is correct. 
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inequalities 


^terpen your pencil 


Now that you can handle negative inequalities, you can solve 
Kathleen's penalty points problem correctly. Here are a few other 
inequalities to try out, too. Use the number line at the bottom to 
check your work. 


“I’m playing my brother’s team next, so I want a safety net for the 
upcoming game. I want at least 50 yards off my opponent.” Figure out 
how many penalty points Kathleen needs to buy. 


The league gives 40 points for each game you win, and you have to have more than 
260 points to get the Heisman Trophy at the end of the season. How many games 
does Kathleen need to win for her Quarterback to get the Heisman? 


League rules say if you have more than 10 penalties in the season, your team is disqualified. 
Kathleen wants to make sure she spaces penalties out evenly over her 16 games. What’s the 
maximum number of penalties she can get per game and not get disqualified? 


1 

i 

i 

i 

-19-18-1 

1 

7-16-15-14-13-12-11-10-9 -8 -7 -6 -5 -4 -3 -2 -1 C 
i 1 

) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 

1 i 

17 18 19 

1 
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sharpen solution 


^Sharpen your pencil 
Solution 


Now that you can handle negative inequalities, you can solve 
Kathleen’s penalty points problem correctly. Here are a few other 
inequalities to try out, too. Use the number line at the bottom to 
check your work. 


“I’m playing my brother’s team next so I want a safety net for the 
upcoming game. I want at least 50 yards off my opponent •” Figure out 
how many penalty points Kathleen needs to buy. 


-lOj <-^?0 

. rriQ^.?rr^O . .^^.^9. 舟 T. 

Jfo 广 七 k Y ou 


-to buy ^ or more .pchal*ty po'm-ts. 


The league gives 40 points for each game you win, and you have to have more than 
260 points to get the Heisman Trophy at the end of the season. How many games 
does Kathleen need to win for her Quarterback to get the Heisman? 


午 Ow > VbO 


> Iko ^ ^ 

- Ko s\o/r\ V>cvc 


一 vouVc dividn^ by a 

w > 厶.弓 

pos'i-twc 灼 urwbCV. 

r\ccds -to v/'m more 厶 bu*t s'mdc you Gr /七 v/m lial-P 3 ()9n\e, she r\ccds -to v/'m 7 or move 


League rules say if you have more than 10 penalties in the season, your team is disqualified. 
Kathleen wants to make sure she spaces penalties out evenly over her 16 games. What’s the 
maximum number of penalties she can get per game and not get disqualified? 


1^ <10 



p < OMZ^ 


Tiic k.ss. .<?r. .ip..per. garwe.,. bui smdc .gci. 

part a pc^al-ty, she .4 和 : i. spate (icy penalties cyc^l.y .p.ycy - . 9^. .ih?. 3 孕 ! Shell have -to decide 

^\\\cM gardes she r\ccds -fco play dirty m ^\\\CM or»cs slicll t\ttA "to be oy\ good behavior (or. 
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Matk Magnets 

Using the magnets below, fill in the blanks to solve the inequalities. 


12 > 2x - % + 16 
—16 + 12 〉 — 4r + 16. 


15 - 3y >- 9y + 18 
-18 + 15 - >- 9y + 18 


> 


>- 2x 



C^ctk youv v/ork ： 




12 > 2(5) - 4(5) + 16 


12 > 
12〉 






> 

3y >- 9y 3y 

- 3 > - 6y 

-6 . - 6 y 

y 

Or\tcM your >work ： 

15-3(3) >-9(3)+ 18 


Pft y 0W r solution badk ir，io 
the oH 9 i, a | ^ make 

财 e y ou 3<3 £ £hih 9 s 
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Matk Magnets Solution 

(I Your job was to fill in the blanks and solve the inequalities. 




12 > 2r - 4r + 16 


-16 + 12>2x-%+ 16 


To tomb'me I'ke ^ YnS> ^ 

从 ed 铋？ 《 七如 

on one side ^ 

tables oi^f 15 - 3^ >- 9y + 18 
i -18 + 15-3^ >- 9y + 18^T 


I -4 >1 2x-4x 


L^J 


^2 


? mx 


Y w Ve dW'd.1 


B 

r 


/WJ 

■ 



f lVf tV\c 


尸 2 〉 

wt 。二 12; 

v,ow\a V^ave X 。 ⑽. 




3 

:- s ° 


■ 


2(5) - 4(5) + 16 

I 10-20+16 ■ 


19 


f\V ? 咖 
•me —' 七 1 


,n 15 -3(3) >- 9(3) + 18 
M 铷 O ■力 _ I 

15-9 > -27+18 

\ooYtd. ^ - J 1 — 1 
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I thought inequalities had a solution 
SET as an answer. How can we check our 
work with just one value? 


Check your work with a value 
from your solution set.... but 
which value? 

The solution set has lots of values. In fact, 
let’s take a closer look at solution sets on 
our number lines... 






inequalities 


You ca^ visualize a solution set ov\ a womber \m 

The number line is a great way to visualize a solution set. You’ve been using 
number lines to show points, but how about a range of points or an 
entire solution set? That would help us pick numbers to check our work 
and also help to understand what numbers will satisfy an inequality. 

Here’s what we need to do: 

TW,s is 匕 aWec "、 ’ ^ 

salav 7 $ 而 , _ 

^ . 

\J Determine the point of interest (in this case, 103,000). This is the known 
boundary point of your solution set. 


\J ^ Look at the inequality symbol to decide what type of point to start with. 

< OX > Draw an open circle Q T ^ s • 心七 cs 如七 ^ solution 

se 七 ^ocs u\> "to bou^dav-y, ku-t 

docs mdludc Vt. 


^ — TWis mdidatcs "tha 七七 he 
< > Draw a solid point. 參 soutioy> set i^ludes i\^t 

kou^dav-y \>omt — 101,000 



-10000 0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000 


\J Draw an arrow along the number line in the direction of solutions that work. 
That’s to the left on your number line for “less than” solutions and to the 
right on the number line for “greater than” solutions. 



no dumb questions 
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Dumb Questions 


Why bother with the number line? 

The number line is useful as a tool to help you 
understand a solution set. If you are having trouble visualizing 
which numbers are included with your solution, try plotting your 
inequality on a number line. 

Here’s another way to think about the number line: a number 
line is really just a graph with a single axis. And your line is a 
plot of all the points that solve your equation on that axis. 

Isn’t all of this number line stuff a little juvenile? 

Absolutely not, especially if it helps you get your 
solutons. Anything that helps you to understand an inequality, 
a relationship, or a solution is valuable and should be used. 
Just because you learned about a tool when you were younger, 
doesn’t make that tool less useful now. 

Number lines, in particular, are extremely helpful when you’re 
trying to work with integers and inequalities. When you go back 
and forth around zero, it can be easy to lose track of which way 
you're going! 


What do we do if there’s a big number and I can’t 
draw a line that goes up that high? 

You need to be flexible with how big your spacing is on 
the number line. When we showed the quarterback’s salary on 
the previous page, the tick marks were 10,000 each. Until then, 
they’d been at 1 or 10 each. It just depends on your problem 
and the situation. You can always draw your solution; you just 
have to show your number line in the proper scale. 

You can ckangfe tke SCALE 
on your number line vitkout 
aWectingf tke VALUES on tkat 
number line. Use vkatever 
scale makes sense lov YOUR 
particular inequality. 




BULLET POINTS 


■ Number lines area great tool for 
checking work and visualizing 
solutions. 


■ 



■ O for < or > 

■ Just indicate the direction of the 
range on the number line—you can’t 
draw them all! 
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inequalities 




Solve the following problems and graph the solution sets on the number lines. 


The high school baseball league is trying to determine their MVP, and they’re reviewing the stats 
for the season. To win MVP, a player has to have a batting average greater than 0.320. The batting 
average is the number of hits for the season divided by the number of at bats. There are 12 games in 
the season, and each player has 4 at bats a game. 

How many hits does a player need to be a contender for the title of MVP? 


1 

i 

i 

i 

-19-18-1 

1 

7-16-15-14-13-12-11-10-9 -8 -7 -6 -5 -4 -3 -2 -1 ( 

i 1 

) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 

1 i 

7 18 19 

1 


It’s the last round of darts between Joe and Sam. The score is Joe, 18, and Sam, 12. Whoever has the high 
score after Joe’s turn is over wins. There’s also a rule that if you hit your opponent in the ear with a dart, it's 
an automatic deduction of 3 points. Sam said something about Joe’s Mom, so now Joe wants to know how 
many times he can hit Sam in the ear and still tie or win the game. 


i 

i 

i 

i 

-19-18-1 

1 

7-16-15-14-13-12-11-10-9 -8 -7 -6 -5 -4 -3 -2 -1 C 
i 1 

) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 

1 i 

17 18 19 

1 
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exercise solution 



Solve the following problems and graph the solution sets on the number lines. 

bxeRase 

SotytiOH 

The high school baseball league is trying to determine their MVP, and they’re reviewing the stats 
for the season. To win MVP, a player has to have a batting average greater than 0.320. The batting 
average is the number of hits for the season divided by the number of at bats. There are 12 games in 
the season, and each player has 4 at bats a game. 

How many hits does a player need to be a contender for the title of MVP? 

> 0 : 32 ^ J27 a.. >0 .. Z ° Jo isolate 

_Number o( Vii-b_ ^ 0 vav'tablc, 

狂 … >032 ： 0 — 迹 料 

^s. ^ 4* 

.Here, we jusi oui-the ) . ^ . 

.h . 

TWmk akou-t -tKc pvoblcm, ’ -fV\s ^ ^ 

.wc .bavc. 0；}^ p( a ^. 试七、 

^so,eall V ^K>l^ S ° W ) 


-19-18-17-16-15-14-13-12-11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


丁 b 


It’s the last round of darts between Joe and Sam. The score is Joe, 18, and Sam, 12. Whoever has the high 
score after Joe’s turn is over wins. There’s also a rule that if you hit your opponent in the ear with a dart ， it’s 
an automatic deduction of 3 points. Sam said something about Joe’s Mom, so now Joe wants to know how 
many times he can hit Sam in the ear and still tie or win the game. 

^ used U E W 


ev t Sarw^s store r\ov/ 


10 — i(B) > 11 


Joes sCorc y\oyj — los*t po'm*ts > Sam’s stove r\ow + 

10 - Ut) >\l^ 

^ 3 祍七叫 ^icd wo^k ^ 

- i(B) > -b 

Piv'idc by a so lose 

/(E) ? 

-bKc mc^ual'i-tY symbol ^~^ 

^ ......... 


Flip the 〆 
. jhc^uali-ty ;> 


\}oc Y/ha 乙 k 

2 - £am *bwi£^ Ac 

car a 灼 d still "be! 


-19-18-17-16-15-14-13-12-11-10 


345678 9 10 11 12 13 14 15 
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T^c whole solution sci -for i\\t IMB^UAUTY joes ot\ (orty/tr, bui -for ouv 

?R0dLBM ) ii stops ai O. You v/^atk a juy *m ihc car ^eja-tive -timesf 
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sharpen solution 


ciJharpen your pencil 
、 Solution 


Your job was to work out an inequality for the salaries of the 
Defensive Team and Quarterback. 


Pc-fcr\sivc Tcarw + Rurmmg Batk + \M\dt Receiver + + Quarterback < 1,000,000 

f : f+ ).11,000^ zi2- t opq ^ l^poo^ ^i iqoofioo 


d + l V l ° 00 + 瓜 OOO + \^,000 + ' i 1,000,000 


Lc 七 , S tall 七 Wis d. 


a + ^ooo + <\< 1,000,000 


+ a + ^ooo ±x< 1,000,000 - ^1600 


£o, V>cvc is ouv .d. +. <\.1 .^d.biOOO.. 

•f mal me'uali 七 



So, what can I 
do with that? 
Subsitution? 


厂 


Put 1^,000 

•m (or q. 


185,000 < 436, 000 


Substitution is 
almost always a 
good idea. 

For example, suppose you 
find a quarterback you / z 

like who makes $185,000. - 185^00 + ^ 4 - 1 ^ 5,000 < 436, 000 - 185,000 

You can substitute back ; 

251， 000 

Kcvc, *tWis is jus 七 / 

sulrbrat 七跡 


into the inequality, and 
then you’ll always get 
another valid inequality 
that you can use for the 
defensive team, d. 


〜 k h0 w how 
the de ^eiv e i ean 
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inequalities 






TV^csc avc just some 
Wmts W 七 ”， 

stav*W; w U 片 


Trial and error every time? That seems 
really inefficient. Is there another way? 


Remember graphing? With equations, a graph gives you an entire line 
worth of solutions (if the equation has two variables). So graphing is 
actually a way to see the solutions to an equation. 


Let’s try graphing a basic inequality. There are a couple of things to 
keep in mind: 


^ dcta'iU sooW 



When you graph an inequality, start with a line. 

Just graph the inequality the way you would any other equation. 


Figure out what range the inequality's solutions fall in. 

Is your answer above or below the line? This is similar to graphing with 
the number line: think about how your answer relates to your line. 


Mark the side of the line your solutions are on. 

You can used dashed lines, solid lines, shading... anything you want. 
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sharpen solution 


%iharpen your pencil 
Solution 


Your job was to try and graph the inquality below. How 
did you do? Here’s what we did: 




y>3x + 2^r'^ V 

7 \ 



OMtY 
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inequalities 


Use a graph to visualize the solutions to an inequality 

Graphing inequalities in two variables is like graphing equations, with some extra shading. (Just 
like solving inequalities is like solving equations.) If you have an inequality, to graph the whole 
solution, you need to do the following: 


Start with a valid inequality in two variables. The variable on the 
vertical axis (usually y) needs to be isolated. 


Decide the format for the line 

< or > 

< 9r 


o 


Draw a dashed line. 


> 


Draw a solid line. 


Draw the line the way you would an equality. Just make sure that it’s 
dashed or solid, depending upon your inequality. 


Figure out if the shading should be above the line or below the line, 

y >9T > Sliacte kicker y values 

y < ^ Sliacte lower y values. 

Shade the graph. 


TV>cS c 

as tV>eo^tV>at 


W! 





What does the shaded region actually represent? 


you are here ► 


227 




shading an inequality graph shows solutions 


Answers made m the shade 

Look at our example from earlier, and plot one of the solutions. Does that tell you 
anything about what the shaded area represents? 


y>2x +2 



Shading shows potential answers 

The ordered pairs in the shaded region satisfy the inequality. Every 
pair is a solution! The great thing about this is that it makes trial and 
error a thing of the past. If you decide you want x to be -1.5, you 
can use all the jv values that are greater than the line and still satisfy 
the inequality. 

Give it a try! If you substitute in both numbers，you should always 
get a valid inequality: 




Try (-1.5, 3.2) 



y > 3x +2 
3.2 > 3 ( - 1 . 5 ) + 2 


3.2 〉一 4.5 + 2 


3.2 > — 2.5 




:、 \\ Vo\A s - 


AU oi tke 

orcterect pairs 
in tke skactect 
region satisfy 
tke inecjuality 
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who does what solution 




Match each inequality to its 

Be careful, not every equation has a graph! 


inecjnedity 


t > 2(d - 0.5) 


y-3>x-7^ 

TKc me'uali 七 Ysim'ilav -to 
-f iv-st ku*b "tKc 

•mc'ualrb/ Y/voy>5 v/ay 

3 ； >_|_ 3 J 

丁 his o^C \\dis 七 he y/\roh^ 
/ v 3iriablcs ( ⑽七 "tfd). 


> > 2(x - 0.5) 


Its grap 




f-3 


TWis is similav -to *tV>c 
一 、 sttor\A but »*t 

y - 3 > x - 7 v/ould Kavc be a 

solid l»^c- 
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inequalities 


So I can graph the players I have left, then 
all I have to do is look at the rosters and the 
graph to figure out the options I've got. 


(^terpen your pencil 

TW»s \S 


cavV»cv • 


+ 436,000 


Graph Kathleen’s inequality. You’ll have to 
get d in terms of q first. We’ve setup the 
grid so it will work for the problem, so be 
sure to pay attention to the tick marks! 


600000- 

: d 

500000- 

- 

400000- 


300000- 

- 

200000- 

- 

100000- 

q 

1 1 1 1 1 1 
-6o6ooo-5odooo-4odooo-3odooo-2odooo-io6ooo 

-100000- 

1 1 1 1 1 1 _ 

100000 200000 300000 400000 500000 600000 

-200000- 

- 

-300000- 

- 

-400000- 

- 

-500000- 

- 

-600000- 

- 
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sharpen solution 
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inequalities 


Arc you ready for some football? 


Now，using your graph, help Kathleen 
make some picks. You need to pick 
a defensive team, and then see what 
quarterback you can afford. To use the 
graph, pick a defensive team, and find 
it on the d axis. Then, read across for q 
values that will work. 

Try and get as close to using all Kathleen’s 
available money as possible. 







kathleen has a team 



-the tables 
at 1100 , 000 , 

<you £dn aUovd 

a 邮 jwst sWy 

f’2^0,000. 





50000 100000 150000 200000 250000 300000 350000 400000 450 


I 500000 550000 


_q 
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inequalities 



Inequaliiycross 

All things (not) being equal, while you’re waiting for the season 
to play out, pass the time with a crossword. 



Across 

2. Inequalities have up to an_number of 

solutions. 

4. Depending on how complex your inequality is, you might 

need to flip the sign_ ■ 

5. When you graph an inequality, the answers are the 
_area 

10. You can plot an inequality on a_to help 

visualize the relationship. 

11. The uppermost or lower most value that solves the 
inequality is called a 

12. Negative numbers get_as they get closer to 

zero. 

13. Large negative numbers are_small positive 

ones. 


Down 

1. An equality says two things are equal, but an inequality is a 

3. If you multiply or divide by a negative number across an 
inequality, you need to_it. 

5. The shaded part of a graph represents the_ 

_for the inequality. 

6. Solutions to inequalitiesshould be considered in the 
_of the problem. 

7. If the boundary is not included in the solution set when you 

graph it you should use a_ • 

8. If the boundary is included in the solution (equal-to), you use 

a_circle. 

9. If the inequality is greater than or greater than or equal to, 

then you shade the_part of the graph. 
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inequahtycross solution 


Inequalitycross Solution 
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inequalities 



Tools for your Algebra Toolbox 

This chapter was about algebraic 
inequalities. 


I 


►ss 七 ha 於 

< less 


Less -bKair\ ov c<\ual *to 

mws^edi ^ an 

\ ess e—s 吟 


< 十 




—►< 


TW.s \s 

or equal 仫呼 . 


-CV" 七 hdh 

⑽加 gireaiek - 仏如 


- ■ 

^caic\r 

I rwushed up 3h 

” a cv equals si^h This is -t^c 七 ev 

\ or equal "bo’’ sijh 


> 




BULLET POINTS 


Number lines work for visualizing solutions for one 
variable inequalities. 

• for <^> 

O for. <?T > 

Indicate the direction of the range on the number line. 

The Cartesian Plane works for visualizing two variable 
inequalities. 

Use a solid line for graphing “less than or equal to” and 
“greater then or equal to” inequalities on a Cartesian 
Plane. 


■ Use a dashed line for graphing “less than” and “greater 
than” inequalities on a Cartesian Plane. 

■ Once you’ve drawn the line, shade the region above or 
below the graph where the valid solutions are. 

■ When you solve an inequality, you get a range of valid 
solutions called a solution set. 

■ To solve an inequality, you manipulate it like an 
equation, unless you have to multiply or divide both 
sides of the equation by a negative number. 

■ When you multiply and divide the equation by a negative 
number, you need to flip the inequality. 
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7 systems ecpcttlgns 

Know what you don’t know 



You can graph equations with two unknowns, but 
can you actually solve them? You’ve been graphing all kinds 
of expressions lately: C and t, x, and y, and more. But what about actually 
solving equations with two variables? That’s going to take more than one 
equation. In fact, you need an equation for every unknown you’ve got. But 
what then? Well, a little substitution, a few lines, and an intersection are 
all you need to solve two-variable equations. 


this is a new chapter 
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preparing for the party 






1 


H^ c * 

Danci^ 


It’s New Years Eve, anct Xack 
kas a tunck oi people coming 
in just an ltour. Protlem is, lie 
liasn’t macte ctrinks yet … 


My girlfriend was supposed to do this, but 
she's still getting ready. I have no idea how to 
make punch. She said the punch has to be 52% 
sparkling, but that's all I know. What the heck am 
I supposed to do with these percentages? 





MM 








w 


弓 gallon 

bovil 


Wow docs that make 
弓 Z% spa\rkl'mg 
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systems of equations 





Help Zach out. He needs an equation to figure out how much cider and how much 
pineapple juice to use to get a 52% sparking punch. 


Write the equation for the amount of punch to use: 
TK'is should be m ^allot^s. y 


•_h gallohs, o-f cadh type 
°*f juidc {jo use- 


What form of linear equation are you using? (circle one): 


Standard form Point slope form Slope-intercept form 


Graph the equation: 


• 4 

Povx’i -b 10 . 
label 9. 


D 0 n c ' -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 , 1 23456789 10 

…心“ -2 


What are the intercepts? 


What do they mean? 
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visualize the mixture 



txeRcise 

So{.ut»OH 


Help Zach out. He needs an equation to figure out how much cider and how much 
pineapple juice to use. 


Write the equation for the amount of punch to use: The volume o( -the bowl is ^ gallcms, so -that's i\\t -total. 

- ^ This is a liheav c<\ua-tioh. 

匕 idev volume + p'mcapplc volume — ^ gallons 、 --t + j> — ^ 1 七 、 got slope, ih-tev-dep-ts, 

ho cxpohChts gveatev- 
thah /. 

What form of linear equation are you using? (circle one): 


standard forr 


Point slope form 


To this, you dould solve u the U e y te? is or 


Slope-intercept form 


t + p — ^ 






What are the intercepts? 匕 + P 二 ^ 

0 (or t- 

O + p 二弓 


O So A O) is a pomt. 


T\ry'i>''=z'o 


乙 + O 二弓 CO, is a^o-bKcv- po'mt 


So "thcyVc (O, a»^d O) 


What do they mean? I-P d — O, *tlic is all p'mcapplc jui^C) i-f p 二 O, *tlic pu^li is all tidev-. 
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systems of equations 



What does the graph show? What happens as c 
gets bigger? What about as p gets bigger? 
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some answers won^ make sense 



What does the graph show? What happens as c 
gets bigger? As p gets bigger? 


This gvaph shows "tliat as d goes up, p goes dovm. 


So -tlia-t rwca^s -tliat *tlic mort t\Acr -that goes \y\, -tlic less p'mcapplc jui^c goes m. 
(Vo 七 cmly "tliat bu*t s'mtc "tlic slope is -I, t a^d p go up or dovm a*t "tlic same rate-. 


A line means mfiwjtg solutions 

Since we have a line that shows the entire relationship between p 
and c, we know that this equation has an infinite number of 
solutions for the problem. That means that there are an infinite 
number of ways to mix up cider and pineapple juice to make 5 
gallons... which does not help Zach. 


A tine 
represents 
an infinite 
numter oi 




Look closely at the graph. Do all of 
the solutions represented by the 
line make sense for THIS problem? 
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systems of equations 


You caw't have -1 gallons of liquid! 

If you’re working with a real-world problem, you have to keep in mind your 
problem’s context. The values for c and/i can’t be less than zero because 
you can’t have less than zero gallons of punch. 

So we know that some of the answers on our graph don’t work, but we still 
don’t know what mixture Zach should use. So what do we do now? 




We have MANY 
solutions. 

All Zach has is a bunch of 
ways to mix up cider and 
pineapple juice to get 5 
gallons. But Zach needs more 
than just 5 gallons of mix. He 
needs 5 gallons of mix, and 
he needs a 52% sparkling 
punch at the end. So there’s 
something we’re missing... 


(^terpen your pencil 



Zach is worried about how sparkling the punch is, not just what will 
fit in his bowl. Write another equation for the punch. This one has to 
be about how sparkling the punch is, not the overall amount. 


you are here ► 


245 









variables means two equations 


(^terpen your pencil 


Your job was to come up with another equation, related to how 
sparkling Zach’s punch is. Here’s what we did: 


丁 -fov* 七 Wis, 

C° ^ ou*t awovA^ The spavkl'mg stu-f-f is： 100% t,\der, 午0% p'mcapplc juitc, ar>d should Create $2-7。 

would be m o«e ^^ This is ihe boia\ 

—Wed t stands W the \\ + o.tf 二 0.52 •⑸ volume o ( 卜 Mv 

.volume o+ t\der. . 卞.…反. . . .;. 

e d :i: ^ voUe 


㊇ 士 二 .W; o^^lerde. 


TKis is ouv* seto^d 


+ O •午 p 二 Zi 


VVc dropped {\\t I -from Id- 


Where did those numbers before c 
and p come from? 

We applied the same logic to c and p 
that we did for the total volume of punch. If 
you can multiply the total volume of punch by 
the percentage of sparkling (converted to a 
decimal), you can do the same thing for the 
other two liquids. 

100% sparkling cider 二 lc 

40% sparkling pineapple juice = 0.4p 

How can you just “figure out” the 
amount of sparkling punch? 

This problem of Zach’s is actually a 
classic mixture problem. Mixture problems 
like this are usually based on a proportion, in 
our case, how sparkling the punch will be. If 
52% of the total punch needs to be sparkling, 
then the amount of punch that is just 
sparkling is 2.6 gallons (52% of 5 gallons). 


tJieret^re no 

Dumb Questions 

Can I rewrite the equation in terms 
of x and y to make it easier? 

Sure. Either you can have the equation 
and the graph in terms ofx and y or in terms 
of c and p. It’s really up to you. 

How much do we need to worry 
about negative solutions? 

For this problem, you don’t need to 
worry about negative solutions since you 
can’t have negative punch. 

We'll look at how to express those types of 
limitations as part of an equation when we 
learn about functions in a few chapters. 


How can we work with these two 
equations together? 

That’s what’s coming up next. But the 
volume equation has an infinite number of 
solutions, and the sparkling equation has an 
infinite number of solutions. There's a way 
those solutions can work together... 
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systems of equations 


How does the sparkling equation work? 

The problem Zach has with just the first equation is that there are an infinite number of 
ways to mix the ingredients together and get 5 gallons of punch. But none of those solutions 
specifically deal with his girlfriend’s request that the punch is 52% sparkling. 


By coming up with another equation that deals with the mixing, we can figure out which 
solutions create the right mix. This second equation will help because weVe using the same 
variables representing the same thing. 

c = The amount of sparkling cider, in gallons. 

p = The amount of pineapple juice, in gallons. 


To develop the second equation, we took the second piece of information that we had 
about each variable —— how sparkling each liquid is —— and applied it to the variables to 
come up with a new problem:. 


^atWs —Wd f 
Wim 咖 s wmbcv. 

52 % carbonated 
punck 


This _ ” ow ⑽仏 p 咐 

树 I 叫 I 咖 d w 二 ed . 


5 gallons x 0.52 
2.6 gallons 


^ouVe ^ a ' DOwt . V '! W . 


If you apply the same idea to the c and variables, we’ve got a new equation. 
The sparkling cider is 100% sparkling, and the pineapple juice is 40% sparkling: 


r ♦ 

TWis is {\\t volume o*f 

lc + 

tidcv -tKa-t's spav-klm^ 


(all o-f i-t)- 

The 


2.6 



th^ s c , ye 

J us t 午 O% boh aicd, 

We've got another linear equation 

This is another linear equation in terms of the same 
variables that we used in the first equation, c andp. 

This equation is in standard form, and you can work 
with it in exactly the same way. 





What can we do with the 
second equation to help find a 
solution to the punch problem? 
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two equations with the same variables 


^.BULLET POINTS —— 

■ The graph of a linear equation is the 

infinite number of solutions that 


solve the equation. 


You always need to remember the 
context of the problem. 


Now we have TWO linear equations 


So now we’ve got two equations with the same two variables, c is the 
volume of cider, and p is the volume of pineapple juice. Since both 
equations talk about the same thing, with the same variables, they can be 
looked at together: 


C+p = 5 ^ 
c + OAp - 2.6 


We kv>oY/ tW.s .s a Imear - 

^\s\cM mea^s tKa-t all i\st fom-b -tKc 

solution I'mc solve IWis c<\ua-t'>ov>. 

This is a I'mcav- "too. All the pom*ts oh 

this C^ua-tio^^s lihC solve this pvoblcm. 


One equation is in terms of total volume of punch, and the 
other is in terms of the sparkling volume of punch, but both 
equations are about volume. Each equation comes with 
an infinite number of ordered pairs that will solve the equation. 
Remember, solving an equation means coming up with values for 
the unknowns that will make that particular equation true. 

What we need, though, is a set of numbers that will solve both 
equations. We want a set of numbers that will result in 5 gallons 
of total punch and that will also result in a punch that is 52% 
sparkling. So how can we find a solution that works for both 
equations? 

Let’s start out by graphing these two equations... on the same 
Cartesian plane. 


A linear eejuation is 


on tkat line is a 
solution for THAT 
PARTICULAR 

linear eejuation. 


represented ty a 
LIVE. Every poin 
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systems of equations 



-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 J 1 2 3 4 5 6 7 8 9 10 


㈣ 一 1 


Are there any points that solve both equations? 
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graph it solution 


GKA1MI H 1 ! 
SOLUTION 



Graph both punch equations on the same Cartesian plane. 


c + p 


c + OAp = 2.6 


+ o.^ ^ 2- fc 


Ww«,£ he2 d M 3 ^ ' ( 


WVat Ao you 

厂 (4,1)，^ canS * 


- 10 - 9 - 8-7 -6 -5 -4 -3 -2 -1 A 1 2 3 4 5 N 6 7 8 9 


Wc alvcady did 
+ p 二弓 , so 七 Wis 
is 七 he same l^c 
•fv-om cavlicv. 、 ~^ 


t + O • 午 p 二 Zi 


Are there any points that solve both equations? 


^ ^ .二十 石 ...............ft. !? 七 .! 淇?. .(午 — (I. >y?. v ?K .BOTH c^uatiohs. 


t — -O . 午 p + Zi 


L: p + 2 •.厶 

• • • ' . 


Tlic is (O, Z.^>) 


Just tovwev 七七 ha 七 slope -to a 


and i-t's cas'icv to v/ovk v/ith. 
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systems of equations 


The INTERSECTION of the lines solves 
gOTH linear equations 


The point where the lines meet is the point where both equations 
have a solution. So for Zach’s punch problem, we need to find 
where the two lines meet. That’s the amount of liquid we want to 
make the perfect party punch. 




TedeU fallow o-f ^ 
s^avkl'^ ^\yr\C)r\^ 

To make tke perfect puncli: 


TV volume ? mca ??' C 

户 ，… sallow 

volume Jc 
h d^llohs 


4 gallons 
1 gallon 


o 


Both equations individually have an infinite number of 
solutions. 

Each line is an infinite set of ordered pairs that satisfy that 
particular equation and make the equation true. 


O 


The point where the lines intersect solves the problem. 

The intersection is the solution because it solves both equations at 
the same time. The intersection is a point on both solution lines. 


(parpen your pencil 


Check the solution point (4,1) in both equations to see if it works. 
Is our solution right? 


c + OAp = 2.6 


c + p = 5 
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find the solution to both equations 

i^^rpen your pencil - 


Your job was to see if (4,1) solved both punch equations. 


+ . c + P 


I + O .午(午）二 Zi 

l + l.i- z.i 

- Zi 


午 + I 二 5 


Both \>oir>-b work 。乩 - 
.. ?rfi yes that, f 士 r se — … 

y soives them bott ar>d solves 、 

.ihc.pc?)?—!. 


Solve multiple imbiowns with a 
SYSTEM of EQUATIONS 

You’ve just solved a system of equations! A system of equations is a 
group of equations that can be treated as one problem. The solution is the 
point that satisfies all of the equations at the same time. 


A 

Kns 


H you kave two 
unknowns you need 
two inctepenctent 
relationskips to 
iinct tke values oi 
tke unknowns. 


When it comes to a system of equations, though, you have to 
have two equations to find two unknowns. Why? Because if 
you only have one equation with two unknowns, you have a line that 
goes on forever. 

To know which point on the line to pick, you need more 
information. A second equation gives you a second line, and then 
you can find the intersection of the two lines to solve your system. 
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Dumb Questions 


Do we have to check our work? 

Yes! Really, we’re going through this 
again? It takes like two seconds and then 
you know you got the right answer. Imagine, 
walking away from a problem knowing it's 
completely right. 

It’s also good practice for manipulating the 
equation and substitution. 

Is graphing the only way to figure 
the answer out? 

Stay tuned, there are more options 
coming up! The big advantage of graphing, 
though, is that it helps you see what could 
happen if something changed in your system. 

How did you know you can work 
with both equations together? 


Well, it goes back to understanding the 
situation, not just manipulating equations. 
Algebra is a tool to solve a problem 
you're dealing with, not the other i^/ay 
around. So when you're working with 
equations, you need to always keep the 
context of your problem in mind. 

Zach was interested in a punch that was 
not only 5 gallons, but also had the perfect 
amount of sparkle. That means you need 
two equations, not just one. 

What if I only have one equation 
and two variables, can I get an answer? 

Not without some kind of extra 
information. To figure out one unknown, you 
need one equation. To figure out two, you 
need two equations. To figure out three... 
well, you get the idea. 


What is a system of equations 
good for in real life? 

Quite a lot, actually. Mixture problems 
(like we used here), supply and demand 
situations, area and perimeter, distance 
vs. time problems ■.… pretty much anything 
where you’ve got two related unknowns. 

If I have two equations with the 
same two variables, is there always a 
solution that solves both equations? 

Not necessarily. Sometimes there isn’t 
an answer to the two specific equations. This 
means the lines never intersect. 


More trouble... Zach dropped some glasses 

When Zach and his girlfriend were setting up for the party, Zach broke a few 
glasses. The glasses were rented, so Zach’s got to pay to replace them. Now 
Zach’s trying to figure out how many more glasses he needs, and he can’t 
remember how many of each type he dropped. Here’s what he knows: 


Kathleen said we 
paid $33 for broken 
glasses, and there were 7 
broken glasses. 


TVsc dost 






Write the two equations that Zach can 
use to figure out what glasses he needs. 
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visualize a system of equations 


Two kiwds of glasses... thafs TWO uwkwowws 


Now that you’ve worked with a system of equations, you know that’s what we’ll 
need to help Zach. He has two unknowns: 



A cost equation ： 4x 6y = 33 

The tumblers, x, are $4 each, and the wine glasses ， jv，are $6 each. 
Zach paid a total of $33 in replacement fees. 


Q A number of glasses equation ： x -\- y = 7 

Zach broke a total of 7 glasses. 


Solve your system of equations using a graph 


Graphing both equations is a way to find the values that satisfy 
both equations. We can graph the line that solves each equation, 
and then find the intersection point. Then we check our work 
in both equations, and Zach’s in and out of the glasses store in 
time to party. 


© 

❺ 

❹ 


Graph both equations. 

Use whatever method you want to put both 
solution lines on the same graph. 

Determine the intersection point. 

Using the gridlines on the graph, find the point 
where the two lines meet. That point satisfies both 
equations. 


Check your solution point. 

Go back to both equations and substitute in your 
solution point. Make sure that the point is valid. 
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Lefs solve the glasses problem 


TV^csc avc ko-tV^ m 
sta^davd 4x + 6y = 33 

!i i a ir l +b u + v+ fc y -^^ 

4 二努- 午乂 

寸 T T 

y 乎卞 


Y/C 

cas^ ya\>W5. 


|r>-tcv-tcp-t o( (0,1>1>) ar>d 


h-tcv^cp-t 
I slope o-r 


-各 




-午 >c + 努 

"T 


x + 夕 = 7 

y% + ^ + y — 7 - 


+ 7 


v/i-bK a slope o( -I 



We can’t read the 
intersection off the graph. 
Now what do we do? 
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substitute one equation in the other 


You can subs 什 lute sobstitotiow 
for graphing 

Sometimes graphing a system of equations just isn’t 
useful. The points of intersection aren’t falling along 
gridlines, for example. In those cases, you can use 
substitution to solve your system of equations instead. 

To make substitution work, start with solving one 
equation for one variable. 


IA/ell solve tWis 

Wms of 丫 X+y 


% m 


十 


% : 


Now you’ve got a way to represent x in terms of y. 
So now, put that value for x into the other equation. 
That’s the substitution part: 



iVc use this value 
-fov- x, ih the 


Now we’ve yb all 
y, a^d tav\ solve 
-tWis e'uaW. 


Once you have jv，just put that value back into your 
first equation and solve for x. 




X + hurwbev — 7 

y. — 7 — hurwbev 

The great thing about substitution is that you can get a 
fraction or a decimal answer, and it’s no big deal. With the 
graphing method, that doesn’t work well. 


vaWe ^ 


.oWe ^ 




The substitution method works because a system of equations 
is a set of equations with the same variables. If you can solve 
for one variable in terms of another variable, you can get a 
valid equation in terms of one variable. 


Tke substitution 
metkoct works 
because a system oi 
equations is a set oi 
eejuations witk tke 
same unknowns. 
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BULLET POINTS - 

■ To solve a system of equations with of one variable, substitute it into the 

graphing, the intersection of the second equation, and solve for the 

lines is the solution. only variable left. 

■ To solve a system of equations with ■ A system of equations is a group 
two variables using the substitution 0 f equations that can be treated as 
method, solve one equation in terms 0 ne problem. 


Using substitution, figure out how many of each type of glass Zach needs to replace. 
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remember the context of the problem 



Is the substitution method better 
than the graphing method? 

Better isn’t really the right word. 
Substitution has some advantages: you 
get an exact answer, and since you're not 
estimating on a graph, it may be more exact. 

It has some disadvantages, too. There’s 
a lot of equation manipulation to be done, 
and that can take a while. Substitution 
also doesn’t allow you to see any of what’s 
going on. If you are trying to figure out what 
happens anywhere else in your system of 
equations, substitution doesn’t help much. 


Why is it ok to treat both equations 
as part of the same problem? Can you 
really exchange two variables in two 
different equations? 

If the problem statement says that they 
are the same two variables, then they are! 

It can either be the problem situation (like 
Zach’s punch) or two specific equations that 
are given together. 

The reason you have two equations and two 
unknowns is that you know two different 
things about how these things are related. 


How do I decide which equation to 
use first? How about which variable to 
solve for first? 

It's a bit of a judgement call, really. The 
best bet is to look at both equations and 
figure out which one is the easiest to work 
with. The important thing to remember is 
that you will always get to the right answer 
eventually, as long as you keep your 
algebraic manipulation within the rules. 
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always check your work 



Zach ⑽ d Kathleen have enough glasses ⑽ d the perfect punch mix. The 
party is well ow its way. Put wow there's a new wrinkle... 
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systems of equations 



Everyone loves a little slow dancing. 

Zach’s figured out that if he increases the number 
of slow songs, then more girls will stay. He wants to 
play a slow song for every two fast songs. 

But Zach’s got to put a playlist together for the rest 
of the party, and he needs your help. 

Each song is about four 
minutes long, and the party’s 
four hours long. 

Four hours of music 
=4 hours • 60 minutes an hour 


The girls are going to leave if I 
don't get the music right. What 
do I need to do? 


r^terpen your pencil 


240 minutes 


240 minutes = < 60 songs 
4 minutes a song ^ 




tcv 

^o<r ? 狄切 . 




Come up with two equations in standard form with two unknowns 
to figure out how many fast songs and how many slow songs Zach 
will need. 


you are here ► 


261 












sharpen solution 


(^terpen your pencil 


Come up with two equations in standard form with two unknowns 
to figure out how many fast songs and how many slow songs Zach 
will need. 


plus -tKc 

㈣― 士上工 . 

played a-t the pav-ty. 




.* Z . .7. slow . . SOh .? s . v ：. f as ^ . so . h ? s I way bo tWmk d 铷 s is 

s ——— ( bo say *bKa*t ave V>al*f as 
又 md^Y slow SO^JS as -fast SOJT^S- 


'iA/c -fou^di out 'ttat 'ttcirc'sKoula bc' 
oy\C slow "to 2 - -fast so^js. ^― 


Zs 


: kr 


¥ 


Ld re - v/vVte "tK'is so »"ts m ( 一 以丈 
.standard W, W 



tlieretcire no 

Dumb Questions 


Does it matter which equation comes first? 

When you're working with a system of equations, it 
doesn’t matter what order you work with them. As long as 
you consistently follow the rules of manipulating an equation 
consistently, you’ll be fine. 


Can I use any variables that I want? 


Yes! We picked s and f to stand for slow and fast, 
but you can always stick with the basic x and y. If you use 
something besides x and y when you’re graphing, make sure 
to label your graph axes correctly. 
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IM Chat: Adding Equations 


圆 

Kristina 

m 

Kristina 

Jane 

John 

[ 11 , 


Hey, those letters are just numbers, right? 


And they’re the same letters in each 
equation, right? 


Yeah,so? 


What do you mean? 


Well, we can add the first equation to the 
second equation. 


Huh. That’s true, since the variables are the 
same in both. 


What would be the point of that? 


Well, what if you can cancel things out? 
Like won’t the positive f and negative f 
cancel? Then you’d just have s to solve for. 


What? I still don’t get it.. 


x 

: 

John 

x 

John 

Kristina 

Jane 


Llke thls : s +f= 601 These e«\uat>oM tan be 

you have + J added -toget^ev, like 

。吡 attd 2S —-f = 0 J yowadd ^etherr 

° hc u ^khowh. 

、 - >35 =60 


圆 

Kristina 

m 


Oh, I see, now we can just solve for s! 


That’s what I was thinking... 




It’s sort of like substitution, but even quicker. 
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solve faster with elimination 


f is gowe with almost m work 

With some clever addition, you’ve gotten f out of both equations. Because these 
two equations are a system of equations, and they have the same unknowns, you 
can skip some steps by just adding up all of the terms of both equations. If the 
equations are set up right, you’ll lose one of the variables and make life much 
easier, without graphing or substitution. 

Now you can solve for s ， and then substitute it back into either one of the 
original equations and solve for f. 

s +/= 60 
^0 + / = 60 -io 
/ =40 

Elimmate a variable with the RUMINATION METHOP 

Solving equations this way is called the elimination method. The 
elimination method is the process of adding up both of the equations 
and then working with the resulting equation. 

This is a valid way of working with equations because both equations have 
the same unknowns, just with different relationships. Specifically, since 
you’re dealing with an equation where the left side ， s 大尸 ， equals the right 
side, 60, you’re doing the same thing to both sides of the other equation. 

So you’re still following the rules of Algebra. This method is really useful 
because it can cut out a whole bunch of steps in your solution. 


Sum it up - 

The clirw*ma*tioh method - 3 method o-P solvi^ 
d system of c<\ua*tiohs 
*tv/o *toythc\r diy\d y/i*th 

c<\ua*tioh. 




w... 


ahd solve f 
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Dumb Questions 


Can we always just make variables 
disappear? 

Yes, if your equations are set up the 
right way first. You need coefficients that will 
cancel each other out. We had -If and+lf, 
which add up to zero. Well talk more about 
how you can set that up in a moment. 

Does it matter which equation we 
put the first solution into? 

No. Once you solve for one of the 
unknowns, you can substitute your value into 
either equation to solve for the remaining 
unknown. 

That makes sense, right? The solution for a 
system of equations is still the ONE point 
that will solve both equations. That means 
for that one point, x and y (or sort) are the 
same for both equations. 


Why is it ok to just add up two 
equations like this? 

The elimination method is like high¬ 
speed substitution. The variables are the 
same thing at the solution point. So you can 
work with both equations because they are 
both describing the same variables. Each 
equation is just written a different way, so 
combining them gets you a single solution. 
Adding the equations together is just another 
way of working with all of the variables. It’s 
like manipulating both equations at once. 

Which method should I use: 
graphing, substitution, or elimination? 

The good news is that any of them 
will work for any problem. As you saw, the 
limits on the graphing method is you have to 
be able to read the graph, so it's tough with 
decimal or fractional answers. 


Substitution is the most straightforward, but 
it’s a lot of back and forth. That can take a 
lot of time, and there’s a greater chance 
for mistakes. Elimination is great if your 
equations are setup right, and they’re usually 
pretty fast, too. 

What if the equations aren’t set up 
to cancel each other out? 

Then you'll need to manipulate one (or 
both) of the equations so you end up with 
variables that will cancel each other out. 
Suppose you have two equations, one with 
a -4f, and one with a +f. You could multiply 
that entire second equation by 4 (all of the 
terms, both sides of the equation so it stays 
equal), to get 4f, and then add the equations 
up. That will give you a situation where the 
variables will cancel out. 



Go back to Zach’s punch problem. Try solving it 
this time using the elimination method. 


To-tal \>va^ e'uaW ^ + p = 5 

+ o^p = 2.6 
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set things up to cancel 





These tv/o Y/o^-t e.ayytt\ ^ I /) _ c w>at»orv 07 -■ 

ou 七 - *t\icyVc bo*tV> fostivc. J：. . T ： jt..r..p. 7 f..-? 


Your job was to solve the punch problem from 
earlier using the elimination method. 




c + 0.4^ = 2.6 £j； — 2 •.厶 J 

-O.^p — 一 Z . 千 

-or 


，vv ^dd 



t-l 


千 gallon o( pineapple juitc TKat s 七 

a«a.l. gallon . 0 ^ fide r .. la 十 


The elimmation method requires PLANNING 

For elimination to work properly, j;om must have two variables 
cancel each other out. 



3s 


J>CSC "t^O 

l 七 because K 
0 


ou 七 v* 吵七 away 
Kcv-c- 


i songs syst 
equations was already set 
up to easily cancel out. 



The punch system of 
equations wasn’t set up 
to cancel out. 
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Manipulate your equations for elimiKiatioh 

Add the two punch equations together and, you’ll get an equation in two 
variables that you still can’t solve. To eliminate a variable, you need to 
have the coefficient in front of one of your variables be the opposite of the 
coefficient in front of the same variable in your second equation. 

After figuring out your system of equations, you need to look at the system 
and figure out a couple of things: 

Do either of the variables cancel each other 
out when you add the equations together? 

For the punch equation, we started with 
+ lc and +lc, and +l/i and +0.4p. 

None of these cancel out right away. 

If not, figure out what variable to eliminate. 

Which variable are you going to try and get to be the 
opposite coefficient of the same variable in your other 
equation? Here’s where some strategy comes in. 

Which variable? 

The options with the punch are to change one of the +1 cs to a -1 c 5 or 
change around the +lp to a -0.4p, so the ps cancel out. 

Let’s try and work with c since there aren’t any decimals. So how do we 
change a +lc to a-lc? Multiply the entire equation by negative one. Then 
we can add the two equations and use elimination. 

Determining the variable to cancel out, and manipulating the equation to get 
there, is the tricky part of the elimination method. Here are a few things you 
can look out for: 


© 

o 
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after eliminating a variable use substitution 
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Dumb Questions 


What if I pick the wrong variable to eliminate? 


There’s really no “wrong variable." As long as you properly 
apply the rules of manipulating an equation, you won’t get the 
wrong answer. 

There is usually an “easiest” variable, though. You’ll get a better 
idea of which variables to choose as you have more experience 
solving equations, but if there’s one that has a coefficient of 
1 ， it’s usually easiest to go for that variable. Then, it's easy to 
figure out what has to be done to the entire equation to make it 
work and eliminate the variable. 


Does it matter which equation I put my solution value 
back into? 

No, either one will work. But just like choosing which 
variable to eliminate, there’s usually an easier equation to use. If 
one equation uses whole numbers, and the other uses fractions 
or decimals, it’s probably easier to use the equation with whole 
numbers to get a quicker solution. 

So I should use substitution for solving all my 
systems of equations? 


Why is it ok to add up the two equations? 

Because both equations are using the same variables, 
representing the same things. It’s just like adding two numbers 
together. But you can’t swap around sides or otherwise change 
the equations. Just add the two equations together to eliminate 
one variable, and solve. 


It really just depends on the equation. You can use 
graphing, substitution, or elimination, and all will work. It’s really 
just a matter of figuring out what works best for you in a certain 
situation, and going with that. 

Remember: as long as you follow the rules, you'll get the same 
answer no matter which method you use. 




BULLET POINTS 


■ Always check your work. 

■ The toughest part of the elimination 
method is figuring out which variable 
to eliminate. 


■ Always apply the same multiplier to 
both sides of the equals signs. 

■ After you’ve eliminated and solved 
for one variable, use that value to 
solve for the other variable. 
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| KLININATION CONSTlUICTIOiX 

Look at the following situations, write the system of equations, and then solve them using 
S either the elimination method or the substitution method. 


Zach has been working on figuring out his income from the party. He let people get tickets 
two ways — either in advance for $18, or at the door for $22. He had a total of 1,512 people 
come to the dance and collected $31,566. How many tickets were advance sales, and how 
many were purchased at the door? 


-一 一 n 

身 I 

4 . 


Zach ordered 11 cakes for the party and paid for them, but the bakery called him up and 
said they couldn’t find his order. He knows that the tiered cakes will serve 150 and the 
sheet cakes will serve 104. How many of each kind of cake did he order to feed everyone? 


J 


L 
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elimination construction solution 


KLIMINATION COi\STlUJCTIOi\ SOLUTION 

Look at the following situations, write the system of equations, and then solve them using 
either the elimination method or the substitution method. 


Zach has been working on figuring out his income from the party. He let people get tickets 
two ways — either in advance for $18, or at the door for $22. He had a total of 1,512 people 
come to the dance and collected $31,566. How many tickets were advance sales, and how 
many were bought at the door? 


4 


To have 心 as a = I5I2. r ie(a + d). = .-.1.8(1.512.) -10d = b 

t^Ct\ ou-fc, the —+ 身 

J ㈣•十 ••： 


娜斯避 . 

«>u|-tip|iecl by -IS 午 d ~ . 


a + 1099 =■ I5IZ 


d - 1000 


^ - 

ic^e + a \\(M - l^iz -lose -r, . ik 

.^. sal “ 一 .… f 

a 二午 2 •午 …七 he i'^eis ai ) 

. ■ the d<w wetre 1099 1 ，^： 


Zach ordered 11 cakes for the party and paid for them, but the bakery called him up and 
said they couldn’t find his order. He knows that the tiered cakes will serve 150 and the 
sheet cakes will serve 104. How many of each kind of cake did he order to feed everyone? 

TV>C ■bo'tal ^umber ^. 一 

o( htrtd dakes 七 + s 二 II This is the ioia\ humbev - 1 弓 0(i + s) - -1^0(11) 

… plus takes .o-f people eav-liev. .\. 

is II. i 廬 y 

l^Oi j- lO^s ^ . 一 ] 二 !^P S . 

/ief ^ CaCi) \ 10^ W + 

Cc * sV^cc*t ic:Ai j- inA-^ — \c,\n 


I 啦 + 陈二 NZ 


•i. 十 I.!.. • .-r-.^cb.. 


一 3 + 七 + 各二 II 


v>ccds s^cc-b takes 
and 8 Wed takes -to 

-feed cvcvy 咖 c. 
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System o? Equations B^qposc<i 

This week’s interview: 

One problem but two equations? 


Head First ： What’s it like being a system of 
equations? Do you find you have identity problems? 

System ： Not at all — just because I have multiple 
equations, doesn’t mean I have multiple personalities! 
All of my equations work for the same problem. 

Head First: I didn’t mean to upset you. I just meant 
that being made up of two completely different 
equations must be tricky. 

System ： It’s all I’ve ever known. Really, I just think 
it’s easier to have a couple of equations that describe 
me. The equations working together is what really 
makes me tick. Since I usually have two unknowns, I 
couldn’t be solved uniquely without both of them. 

Head First: There are a number of ways to solve 
you — let’s talk about substitution, okay? 

System ： Ok. The substitution method is one of my 
favorites because it gives you an exact answer, but 
there’s really not much planning involved. You just 
go ahead and get one variable in terms of the other, 
and then switch equations and substitute. It doesn’t 
require any fancy thinking ahead. 

Head First: Doesn’t working that way occasionally 
get complicated? 

System ： That’s true. You get one variable, let’s 
say x, in terms of the other, which is probably j; 
with some constants. As you start performing the 
substitution, there can be a lot of manipulating to 
work out a solution. 


Head First: There’s another option for finding an 
exact solution, right? 

System: Certainly, that’s the elimination method. 
With elimination, you have to figure out in advance 
what variable you need to cancel out. Once you do 
that, all of the manipulation is done in advance. 

Head First ： What do you mean? 

System ： Well, with the elimination method, you 
add up the two equations, all the terms on the left of 
both equals signs, and all of the terms on the right of 
both equals signs together. As long as one variable is 
eliminated, you will end up with one equation in one 
variable. 

Head First ： I see, that does sound easy. But 
speaking of seeing~~what about those of us who like 
to see what’s going on? 

System ： Well then there’s the graphing method. 

To solve me that way, you just graph both equations 
and look for an intersection. Graphing is great for 
getting a sense of the trends of both lines and a good 
starting point for guessing what may be coming next, 
say if you add more cider. 

Head First ： System, it’s been a pleasure. You’re 
complicated, but nobody can say there aren’t plenty 
of ways to work with you! 
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a party to remember 


Zach's party rocks! 


Using the graphing method 
and elimination, you figured 
out the perfect punch. 



Using the elimination method, you 
figured out how many slow songs and 
how many fast songs Zach needs to pick 
to keep the girls happy. 
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you’ve done a lot of work, so 
I want you to come out to the 
best New Years party ever! 


O 





systems of equations 





When shopping leads to relationship ruin! 

While Zach has been busy planning his party, his girlfriend, 

Kathleen, has been getting ready too. 

In addition to being a fantasy-football mogul, Kathleen loves to shop. 
She’s been hitting the mall pretty hard lately, looking for something 
to wear to the party. 


陆 I 
JVtin 
鄭 te— 


3en — 〜 

物 y 

me; 

While 


Kathleen’s shopping is not something that Zach is a big fan of, so 
when she gets a good deal, Kathleen makes sure Zach knows 
about it. 


For the party, she needed dresses and shoes. She found an 
awesome sale: dresses for only $16 and shoes for $8 a pair. That 
means Kathleen only spent $72 in total! 

showing off her purchases, Kathleen said that she bought 
twice as many dresses as shoes and got 6 things all together. 

Using his mad Algebra skills, Zach did some quick math and then 
got pretty upset. They’d argued about this before. “How could you 
lie to me?” he asked her. 
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mystery solution 


When shopping leads to relationship ruin - 
solved! 

How did Zach know Kathleen was lying? 

To figure out that Kathleen was lying, Zach needed to 
to figure out how many pairs of shoes and how many 
dresses she actually bought. Let’s start with figuring 
up some equations: 


O Figure out the knowns from the problem ： 

Dresses: We’ll call them rf, and they’re $16 
each. 

Shoes: We’ll call them s, and they’re $8 a pair. 

Totals: $72 spent, and twice as many dresses 
as pairs of shoes for a total of 6. 



O 


Let's write some equations and set up the system ： 



Tv/ite as r«a«7 as shoes 
dvcsscs ― X. / 

2d+ s = 6 


-fov a -to-ta' 
of rtews. 


IQd + 8s = 72 
ucm r / 

dvcss \s ( f 

i\i Shoes av-c 

a paiv. 


^athlcch spCh-t a 
b>ia\ o( flZ. 


Vow we just actct tkem up.. 
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systems of equations 


O 


Use elimination to remove a variable. 


Ut’s el^ma-te s, 

u ^ e rf t,o, r 
▲ a ®?— .，。 命〜 

-® *(2d -K^s)^ 6 } *-® 

16d + 8s = 72 


— 16d — 8s =— 48 
16d + 8s = 72 
Od + Os = 24 飞 




Equations that aren’t true are INCORRECT. 

0 times the number of dresses plus 0 times the number of pairs of 
shoes doesn’t equal 24. This doesn’t make a lot of sense, and it doesn’t 
explain why Zach is mad at Kathleen. So elimination isn’t working. 

Let’s try graphing the lines and see what’s going on. 
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sharpen your pencil 


Rewrite the equations into a form that you can graph. Then plot the 
solution lines on the Cartesian plane. Does their intercept tell you 
anything about Kathleen’s story? 


16d + 8s = 72 


(^terpen your pencil 


2d + s = 6 
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systems of equations 
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sharpen solution 


(^terpen your pencil 




Rewrite the equations into a form that you can graph. Then plot the 
solution lines on the Cartesian plane. Does their intercept tell you 
anything about Kathleen’s story? 


72 


谢 +> = 72-0 S 

ltd 

0s 

lr = 

--IT H 

d = 

- -~Ls "i 

- 么 


2d + s = 6 
- / 2A +/= 6-s 


Slope 


Z 


7Z_ 

IT 

丄 

T 


plo-t ? ol A 
a ^a 50 ao^ I over r 


Id s 

d 


z 

+ 3 


Slope 


Z 


Stavt at ^ 


You dould have ⑽ rked w ■办 these 
一 u 《 aw mjav vou waited "to 
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systems of equations 


When shopping leads to relationship ruin - solved! 

How did Zach know Kathleen was lying? 


Zach knew from his quick math that there is no solution to Kathleen’s equations, 


so she must be lying about something. 

The lines are parallel! That means that there isn’t any one 
point that will satisfy both equations. Parallel lines go on 
forever without crossing, so there’s no intersection. 

That means that what Kathleen said can’t be true because 
there’s no combination of shoes and dresses that will satisfy both 
equations. That means she has an extra dress or something! 




you are here ► 


279 




different equation but the same line 


Sometimes two equations aren't two lines 

You know a lot about equations at this point: you can graph them a bunch of different ways，and 
if you have a system of equations, you can solve them three different ways. Not only that, but if 
you have two equations with the same slope, there’s no answer, right? 

Not quite. 

You can have two equations that have the same slope, but they may look a little different. 
However, when you plot them, the lines look exactly the same: 


4 _ 2 
_ 6 =_ 3 
Same slope/ 

_8___ 2 
12 __ 3 



rteve avc 广 

start - L 8x+ l 2 ) = 6C 


Ous-t tonvevt 'oo't' 1 
ee^atio^ io slo^-e- 


•mWte? 七 . 


4r + 6^ = 30 

6y =- 4x + 30 

^ 5 , 

TV\osc *U/o dem 七 

o , ， o cn look -tV^c same, 

& + 12 ) = 60 

12y =— 8x + 60 / - - 


y= \m + 5 
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systems of equations 


Look at the following systems of equations and answer the questions 
about them. Then solve them with whatever method you want.. 


2x + 3y ^ 100 
-0.5x - .75y --25 

What describes these two lines? (circle one) 

Intersecting Parallel The same line 

Why 




-2x + 2y = - 8 
-3x - 3y =-30 

What describes these two lines? (circle one) 

Intersecting Parallel The same line 

Why 


you are here ► 


281 
























exercise solution 
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systems of equations 



Systemcross 

Got a system for equations? Great. Now use your 
system for solving a crossword. Hint: it’s your brain! 



Across 

3. Always_your work. 

5. Solving one equation in terms of one variable, then putting it 
into the other is the_method. 

7. Setting the system of equations up and adding them 

together is called the_method. 

8. Always remember the_of the problem. 

9. A group of equations that can be treated as the same 
problem. 

10. If you have two unknowns, you need_equations. 


Down 

1. The solution to a system of equations is the_ 

of their graphs. 

2. Lines that have the same slope are_. 

4. For the elimination method to work, you have to_. 

6. The number of solutions to an equation that a line represents 
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systemcross solution 



Systemcross Solution 
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systems o equations 


Tools for your Algebra Toolbox 

This chapter was about solving 
systems of equations with three 
lethods. 



^4 


BULLET POINTS 


■ Always check your work. 

■ The toughest part of the elimination 
method is figuring out which variable to 
eliminate. 

■ Always apply the same multiplier to both 
sides of the equals signs. 


■ After you’ve eliminated and solved for 
one variable, just go and finish it up with 
substitution. 

■ For 2 linear equations with 2 unknowns, 
you either have a single solution (intersect 
once), no solutions (don’t intersect), or 
infinite solutions (same line). 







Sometimes being square is enough to give you fits. 

So far, we’ve dealt with variables like x and y. But what happens when x is 
squared in your equations? It’s time to find out — and you already have the 
tools to solve these problems! Remember the distributive rule? In this chapter, 
yoiTre going to learn how to use distribution and a special technique called 
FOIL, to solve a new kind of equation: binomials. Get read — it’s time to 
break down some really tough equations. 


this is a new chapter 
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math or no math revisited 


Math or No Math scmi-regiowal masters final 

Our champion, Kate, is back to defend her title against a new challenger, James. It’s 
up to you to be the judge again... but this time, the problems are even harder. 


Problem *1: Simplify this expression 




James 

ar\SY/CV 


"to dc-fchd 
^cv- "title. 



WWs rigflit? 



Ja^cs *»s resdy "to 

iaVt ^a-tc do 會 
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expanding binomials and factoring 


Who's right? 



Below, Kate and James both showed 
their work. Kate did her work by 
multiplying the whole first expression 
by the second. James did his work by 
splitting up the first binomial. 





(x + 3)(2x - 1 ) 

- x + 2x 2 + - 3 


CowWC /I.y2 

l\kc 


… 5 X -3 


1 his is dis^vibu-tir>g 

^ 4 -, "to bo-th pav-ts 

(jf + 3) (2x — 1) -fitrsi binomial. 


x(2x-0 + 3(2x-') 

2 x 2 - x + tx - 3 


2X 2 + 5X - 3 




How do we figure out who’s right? Well, if you know a solution, 
substitution will work. So you can try plugging the right x value into 
each of their equations and see if the math works out. If the values don’t 
come out right, then one of the simplifications that Kate and James 
ended up with isn’t correct. 


o^terpen your pencil 


The producers told you the correct value for x- is 3 and the equation is equal 
to zero. Substitute -3 in the different equations for x, and see who’s right. 
Show your work, and don’t forget to circle the correct expression, too. 


X -- 3 into 4r 2 + 5x — 3 and 2x 2 + 5x — 3 
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sharpen solution 


(^terpen your pencil 


X 


3 into 


The producers told you the correct value for x- is 3 and the equation is equal 
to zero. Substitute -3 in the different equations for x, and see who’s right. 
Show your work, and don’t forget to circle the correct expression, too. 


4r 2 + 5 jt - 3 

+ 5 (- 9 ) - ... 


and 


2x 2 + 5J - 3 





州） -15-9 

ZCV - 15 - 3 


ms 



n 

Thi wov-ks/ q 、 

/ The c^uatior> 
v was supposed 

This j s witom3 / yg^ 


-to c^ual zjcyo, 
so -this oy\C is 




Okay, but how did James actually come up 
with his answer? I mean, that's great that the... 
ahem... producers had the right answer... but 
we don’t usually have people giving us answers, 
right? So what's really going on? 


Those expresions are binomials. 


To understand what James did, you need 
to know how to handle exponents in 
equations. That means learning about 
binomials and polynomials. 
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expanding binomials and factoring 


Piwomials are groups of two algebraic terms 


Kate and James are working with binomials on this round of Math or No Math. 
A binomial is an expression that contains two algebraic terms. Binomials 
are actually part of a larger family: polynomials . Poly just means many, so a 
polynomial is any expression with multiple terms. 

So anytime you see an expression with more than one term, think polynomial. 
And if there are just two terms, think binomial. Look: 


f ^ both of the 

w ia “ e ， ed 


: S :工二一 


^x 2 - 4 


Re^emV.e'r, 二二⑽ ; 



2j- 




3 ' 


All binomials 



丁 he two -tcirms 乙 ah be 
d\((crcv\t variables. 


X - y^/ 

Th ^ ie^ s - i. 

仏 homid/. 


Sum it up 



Polynomial - diY\ c^pvcssio^ 叫 humbcv o-f 

dl^ebvdid *tc\rms y/rth whole humbev cJc a*t Ic^st O. 

Binomial — is a special dolsc d polynomial is d 
|\roup o-f *two dl^eb\rdid *tcvr»\S. 
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the distributive property and binomials 


The distributive property, revisited 




Look back at the problem Kate and James were given in the contest. You 


can’t simplify the algebraic terms within the parentheses. So how about just 
doing the multiplication? Since the expression can’t be simplified, we’re going 
to have to do multiplication with multiple terms^we’re going to have to 


distribute. Both terms in the first binomial need to be distributed 


over both terms of the second binomial. 



★ M 


> “ 


(($)+ 3 )( 2 r- 1 ) 

… Ws h 

and - 1 1 aU。. 


distribute All of your first binomial... 

The distributive property is all about multiplying groups together. Here’s 
what that looks like: 


The distributive 
property 


Uc W ， 


a(b + c) = ab + ac 

办 J C-dv) be multiplied by both 

-tcvms of b'momial 


to 


That’s great if you only have one number multiplied over a binomial. But 
we’re dealing with is a binomial multiplied over a binomial. So we’ve first 
got to distribute both terms of the first binomial over the entire second 
binomial. 
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Multiplying two trinomials means you 
kave to distribute ljotk terms from 
tke first binomial over t^^erms oi 
tke second binomial. 




expanding binomials and factoring 


Simplify binomials with the distributive property 

So now we just need to actually distribute our entire binomial. Before digging into Kate 
and James 5 problem, let’s take a look at how we’d do this distribution in general: 

乂 plus a 的 sta 灼 t 

、汸 + a)(x_+^b) 

s ? i.t «*? Womial I 

a ,d.t- + b ) + a ( x + b ) 

吵〜3 out X 2 + bx + ax + ab 


Now we can simplify a little bit more. We have two x terms, bx and ax. Since a and 
b are constants, hx and a.x are actually like terms. We can combine those: 


a a^d b avc '»kc i 

ovl«. T^v^bcaadcd^. ^ 


These are the two 乙 octants 

multiplied -togethev. This usually is 
i ^ ahothev* humbev, like Vy or ^O. 


x 2 + (a + b)x + ab 

k TWts is like 七吖响 

ecyua-tto« eve« f 


■fco sim^r^Y 


(^terpen your pencil 


Use the distributive property and simplify the Math or No Math challenge. 


U + 3)(2^:- 1) 
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tJieretcire no 

Dumb Questions 


The distributive property says we have to spread out 
both terms? 

Yes. The distributive property says that you have to distribute 
the first binomial over the entire second binomial. That means both 
terms of the first binomial need to be multiplied by both terms of 
the second. 

Expanding binomials seems complicated. Is there an 
easier way? 

There are some tools you can use, but you've still got to 
know that multipying binomials is really about distribution. It’s not 
that bad as long as you take the first terms and multiply them over 
the second binomial. 


So this works the same for numbers and variables? 

It sure does. Of course, in cases where you've got all 
numbers, you can just work inside the parentheses first and avoid 
all this distribution. But you’ve noticed something important: any 
rule that applies to variables also applies to numbers. 

How often do you really have to multiply binomials? 

Actually, you're most likely to use this the other way around. 
We’ll talk about it in the next section, but when you have certain 
types of equations, you'll have to go from that equation to a couple 
of binomials. Sound confusing? Don’t worry, we’re going to spend 
a lot more time on that next. 
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expanding binomials and factoring 


(^terpen your pencil 


(y- 1)(：^- 7) 


Simplify the following binomial expressions. Make sure to 
combine like terms! 


(4 + jr)(3 - x) 


(a + 4) (a - 6) 


WattV' s' ， s! 

(_x - 3)(x + 3) 
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sharpen solution 


i^^rpen your pencil 


Your job was to simplify the following binomial expressions. You 
should have combined like terms, too. 


\i Will 

1)(^- 7) 


You dould also v-ev/vi-te iV>e 
b'lrtOm'ldls 

U + 午 )(-■»• + 3) 二 0. 


(4 + x)(3 - x) 


y(y - 7) - Ky - 7) 


7y - ly + 7 




午(孓 —y.) + %(1> — %) 

IZ — 午 >c + 

.. 

-/ - ^ + IZ 



Watt “ k s .， s ! 

{ (~x - 3)(j + 3) 



—%(% + 3 ) — + 9 ) 
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expanding binomials and factoring 



Problem Simplify this expression - fast! 


Here’s A^iatiie contestants got: 





广 x 2 -^ 


^-TWis \S a 


Wo 州 



Jawc s 

( ay\SY/cv 


(x + 2)(x-2) 
x(x-2)+2(x-2) 
X 2 _^/ + ^/ + 2 (_ 2 ) 
X 2 -i| 


WWs : fastest? 

Anct wWs rigflit? 

一） 

s up -to hcv 

old tvidks, Mhkmg 
thv-ougK tKc speed 
v-ouhd. But how? 





























look for square patterns 




Kate looked for patterns instead of 
working the problem out. 

Have you ever noticed little patterns in a friend’s 
phone number or how a football team runs their 
offense? A pattern lets you figure out what’s going on 
based on some key things you recognize... and you 
don’t have to work anything out. 

Math is like that sometimes, too. There are patterns 
that let you avoid lots of extra work. 

The SQUARE pattern 

If you have two binomials that only differ in the sign of the second term, you’re 
dealing with a square pattern. In the problem that Kate and James just worked 
on, the first term of both binomials was x and the second term was 2 and -2. 


lA/e tan wovk owt 
i^c normal ^7 b> see 

wViat 补 swev is. 



se ^d W i 

-- ~~l b 。 仏 binomials is 2 

-2)+2(X-2) ( 




What you’ve got here is the difference of two squares. You square the 
first term and subtract from it the square of the second term. Everything 
else gets canceled out and goes away. 


So anytime you see two binomials that are exactly the same, except for 

the sign before one of the constants, then the solution is the difference of ) 

the squares of the two terms. You can just skip the middle steps and jump fhis j s , 

right to the answer! u i ^ saw 

g ’ 如 solved ih e 

(x -^jl) - a) " ’ 

(W J these sighs must be positive, 
o+hev must be hcga-tivc- 


2 2 

x — a 


丁 ar\SYicr has a 
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expanding binomials and factoring 


What about whew the signs are the SAME? 


But what about when you’ve got two terms that are the same in both binomials, 
and the signs before the constants are the same? Let’s work one out: 

seto,d Wm 

als i sx . (jc + 5) (jc + 5) V>otV> \)'mo«»a' s ,s 

x(x + 5) + 5 (r + 5) 
x 2 + bx + bx + 25 


l 么 is 〜 ^—x 2 + IOj + 25 


* TWis is -the sttov\A 
s<\uav-cd. 


T 

TK'is is 2- times i\\t sttor\d 七饮你 . 


Another way to think about this is the square of a binomial. So this is 
really just a binomial multiplied by itself. 


丁砧 w 办七 w 
sa«>e 

td 


•Ad 七 his is with 


Binomial sejuarect ： (x + a) 2 = x 2 + 2ax + a 2 广叩?。此 


Binomials witk ctiHerent signs: (x + a){x — a) 


X' 


(^terpen your pencil 


丁 he 


so wW' stw: 




j w s r 


idVCS- 


(x + 3) Oc - 3) 


Below are some binomial problems that you can test out the 
squares patterns on. No showing your work here... just look for 
the right pattern, and write down your answer. Good luck! 

(x + 9) (jc + 9) 


(2x - 10) (2x + 10) 


ov, -this one's a little 

tiridky. Th e signs av -e ^ - ^ 

the same, bu£ the sia M 
is « 9 ^iv e this £ ime . 

^ai does ihai do hi . 

"the solu'tioh? 


Of - 7) 2 
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sharpen solution 


c^Jharpen your pencil 
Solution 


Your job was to solve the binomial multiplications below, without 
working through each problem step-by-step. How did you do? 


(x + 3) (r - 3) 


(2x - 10) (2x + 10) 

- loo 



fr ^ 

• 1S 如 M 

1 so^va 3 vC s - 


(x + 9) (r + 9) 


__S^e'-the ^ivs-t tev-m, s^ave 

、 ~ last -tevm, a«d add Z 

times the •fivst times the last 
■tevm in -the middle. 

(x - 7) 2 / 

- 1 ^ + <V\ 


This ^-tasKavd as its^s.^ st， " 

扣 (H, WUk di-fWr,« is m . 

Vo, 2_ w ， 如 s et o,d w, 

n- So 7 ^ 1 ^- 


tliereicire no 

Dumb Questions 


Those patterns are great. Will they always work? 


As long as the binomials match one of the patterns, then 
you bet! Just make sure you watch your signs and coefficients. 


What if the binomials are close but don’t exactly 
match one of those square patterns? 

Then you're going to have to use distribution to figure out 
what the simplified equation really is. Multiply the terms through, 
collect your like terms, and then you have the answer. But these 
patterns only work if there's an exact match. 


Binomial squared ： (jc + a) 2 = x 2 + 2ax + a 2 
Binomials witk ctiHerent signs: (x + a) {x — a) = x 1 — a 2 
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expanding binomials and factoring 


Sometimes there's just wot a pattern 

Suppose you’re on a fast-paced, high-dollar game show, forced 
to simplify binomials at a moment’s notice. When the square 
patterns aren’t working, you’ve got to have another way to 
simplify binomials. 

But distribution isn’t that fast. Thankfully, there’s another sort 
of pattern you can follow，called FOIL. That stands for First, 
Outside, Inside, Last. Here, let’s take a closer look: 
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first outside inside last 


FOIL ALWAYS works 

Let’s use FOIL with some real binomials... ones that don’t fit 
into one of our square patterns: 



fwst ] (文 + 1) (文 - 3)/0^ L as {. 

x 2 +J.-3k + ⑴ (-3) 

〜七吖 X 2 - 2 j ^3 ^ 

^ P v.w ^ 


二 U。' 

at ^ ^ 


(x + l)(jr - 3) 
x(x - 3) + l(jr - 3)~2 
a* 2 _ 3x H - \x _ 3 
J 2 - 2j - 3 


!!u loi ^ e 

批 hg. 


] oy\ 


Solved using FOIL 


Solved using distribution without FOIL 


FOIL saves you an extra step, but it also makes the steps 
you do have to do a lot easier. You don’t have to think 
about distribution as much, and you’re usually left with an 
easy combining of like terms at the end. 

And, best of all, FOIL always works, even if there’s not a 
pattern to use! 


^4 


BULLET POINTS 


Multiplying two binomials is a special 
case of distribution. 


■ FOIL stands for First, Outside, 
Inside, and Last. 

■ FOIL lets you apply distribution 
without lots of... well... distribution. 


FOIL is just a tool to help you apply 
the distributive property easily and 
consistently. 

Patterns like the squares patterns 
can help you solve a problem really 
quickly, but FOIL will always work. 
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expanding binomials and factoring 


Binomial Multiplication Magnets 


Here are some problems from previous Math or No Math competitions. 
See how you would have stacked up by filling in the missing pieces. 


(x -3){x + 4) 


-12 


(_y- 10)(_y + 2) 
y 2 — lQy 



以 ㈣ 


X ~2j\ X+ 2> 


(c — 5) (c — 2) 


(3+jc)(7-jc) 


lasaaie ■■■ 
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binomial multiplication magnets solution 


Binomial Multiplication Magnets Solution 

Here are some problems from previous Math or No Math competitions. 

See how you would have stacked up by filling in the missing pieces. 


(x - 3)(j + 4) 

■ - - 


x 2 + x - 


(y — lOUv + 2) 

yi +iy ■lQy p。] 


Outside 














expanding binomials and factoring 

We’re more than halfway through the 
Math or No Math competition, and 
here’s where the contestants stand: 



Kate needed some help keeping her terms straight 
in round 1: 


(x + 3)(2^ - 1) 


2?)-x +( 2^)+ ^ - 3 


、 did -this 

— Foil wouldV c 
helped hcv keep 
of hcv 

dist\ribu£ioh 

P^vch-tcd hcv 
^is-takc. 


James used the distributive property, but not FOIL. Still, 
he got the right answer and took the points in round 1: 


(x + 3)(2^ - 1) 


2 x 2 - x + - 3 

2X 2 + 5>< _ 3 ' 


Wes still Hgh-t 
bcdausc he 
Whipulated the 
c^ua^ioh piropcvly. 


But Kate totally nailed the next round by using 
the squares pattern. 


(x + 2) (x - 2) 


^ic 

icy^s 
used the 
diffe^rc^c of 

iwo slaves. 


Although he got the right answer, James got crushed 
in the speed round. 

(x + 2)U-2) 

x(x - 2)+2(^ - 2) James ^o-t -tv>e 

j v»aV>-t a^swev, but 

X 2 一 + 2/^ + 2( - 2) >/as -boo slow m 

X 2 _Z| _ d . 


Tke contestants are tied up... on to tke next rounct. 


you are here ► 305 





























speed matters 


Problem Another speed round." 


llj 4 - 警 x - 






(a 



11 33 

llx H - 7^~X - J~X . 


4 


M- 


i.(' 


3 




3 


Kate uses a dommoh A A "2 "2. A "2 

dchomiha-tor b> + 3^ 一 = A + ^ 

匕 ombihC like tev-ms 
ih this step. ^32 


3 


\2 X+ U X _U Xrr ^l+U_U 


Cvev'ftWm^ V)V I 七切 

y-t V\d ok w^ho^. 


參 ^lyc = ^ 




w 





77 ^ 


llx + 号 x - 警 X 

1 +! 


， a ... 'D>^ _ 

Y/V^at 

\tre. Ml " 

-tV^csc 七 evw 




ta^tclcd 
ou 七 

sowcV^ovw? 


V\>L = JL 


VV 


Time: 


1 minute 35 s 


Time: 


35 s 


Same answer, but James blew Kate 
away. How do you Sxmkhe did iiaf? 
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expanding binomials and factoring 


Uw-distribotiow is called FACTORING 


So far, we’ve talked a lot about distribution. That’s when you 
take a number or term and multiply it over a group of terms. But 
James did just the opposite of that... he ^^-distributed, which is 
called factoring in Algebraland. Let’s take a closer look. Here’s 
what James started with: 


^ e ves ov'«^a' 
soWe- 


llx + 誓 X - 


James actually saw this another way, though... he saw that everything 
on the top part of the fraction could be represented as being 
multiplied by 11. So here’s how the same expression looks, with that 
11 shown explicitly: 


look 


A factor is 
a term tliat’s 
multipliect ov( 

an ENTIRE 

expression. 

This was -the tvitky we … but 
^realized ihai 3 V 午 is 
… "y the as II * 3/ 午 . 


11 • J + 11 • • J - 11 • 3 • ^ • J 


M° thih 9 ，s ^ e ... this is 

the e^uatio^ as b e 4»- e . 


When you’ve got a number or term that everything else is multiplied by, 
that number or term is called a factor. So 11 —— and x, for that matter^ 
is a factor of the top part of this equation: 


( 1+ M 


s? 參、 s: 


But look... with that 1 lx pulled out, the remaining terms on the top 
match the fraction’s denominator exactly. So we can cancel all that out! 


3 "4 


i 中！ T 


These two £he s 如 e 

1 so -they t ante \ out 
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factoring explained 


Factoring is ow-molitplyiwg 

Pulling out common factors from a term or group is called factoring. (Clever, isn’t 
it?) Once you’ve pulled out a common factor，you can work with the group or the 
factor, doing things like canceling terms (which is what James did). 


Factoring is, basically, the opposite of multiplying. And when you’re working with a 
group of terms, factoring is the opposite of distributing. Remember, the distributive 
property is all about multiplying groups together: 


The distributive 
property 

TWis 


a(b + c) = ab + ac 

)、 - - - - 

That "tcv-m is multiplcd by 
"this jvoup.-- 



… "to get 七 his 


So the opposite of this is to take the solution, and pull out the common factor: 


ab ac = a (b c) 




T 

一十 SI 


By taking advantage of the distributive property in reverse, you can pull out 
common terms. By manipulating the terms this way, you can set up an equation 
that is usually easier to work with. Sometimes you can cancel out a common 
factor, or even an entire group. 



Factoring is the inverse of the distributive property. 



Factoring is pulling numbers and terms apart 
by finding terms that multiply together to make 
another term or expression. 


Tke efistritutive 
property means 
tkat you need to 
evenly efistritute a 
factor over all tke 
terms oi a group. 
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expanding binomials and factoring 


Factor by looking for common terms 

Factoring isn’t a nice process like FOIL... it’s more like looking for patterns. 
But these aren’t patterns that are as easy as the square patterns. Instead, 
you’ve got to try and “see” common factors in an expression. Sound tricky? It 
is a bit, but you’ll get better with practice. 


Here are some ways to get started when you’re solving an equation and you 
think factoring might help: 



Look at your equation. If there are quite a few terms, look for numbers 
that repeat, or multiples of numbers that keep showing up. 


\\x + 导 x - ^-x 

1 +! 


、心 ㈣ 



一 jf y^ ，lre oh 

Next, figure out the greatest common factor (GCF) of the terms tnc qCF, iur^p 4, 1 l 
you’re interested in. This is probably one of the numbers that kept appendix and kush 
showing up in the first step. 


up. 




Pull out the GCF and write it down, and then write in a set of 
parentheses. Inside the parentheses, write the new terms that are 
left after the GCF is pulled out. These are your original terms, each 
divided by the GCF you just pulled out. 


fhc dorwrwoh -f 0 V 

all -those icyms is IU, 
so pull that out. \ 





1Lr ( 1 + 3~ 4 ) 


-U i ^ 

+ 3 1 


you are here ► 


309 



interview: factoring exposed 



This week’s interview: 

Can factoring really help? 


Head First： Welcome, Factoring. Good to have you! 

Factoring! Thanks! I’m really looking forward to 
explaining more about who I really am. 

Head First： There does seem to be some confusion. 
What exactly are you? 

Factoring! Any time a term, set of terms, or 
equation has a factor removed from it, I’m the one 
doing with work. 

Head First: That seems pretty general; can you be 
more specific? 

Factoring： Not really, I’m just flexible that way. I’m 
a general term, that’s all. 

Head First： Well then, what would you say your 
strengths are? How can you help? 

Factoring： Well, when you use me to get your 
variable away from all of its coefficients, equations 
seem to get a lot easier to solve. 

Head First： Ok, that makes sense. So it’s sort of like 
high-speed variable isolation, right? 

Factoring： Exactly! One easy step and you’ve 
got your variable alone. Then you can solve your 
equation. Who doesn’t love that? 


Head First： It does sound like you’re pretty 
powerful. 

Factoring： Well, yeah! I don’t like to flex my 
muscles too much, but I do have some mad skills. 

Head First: Do you work with any other 
properties? 

Factoring： I’m the way you can undo a distribution 
or multiplication, since I identify factors and remove 
them from a group you’re working with. 

Head nrst: Hmm, interesting. 

Factoring： And, although I don’t work directly with 
them, the associative and commutative properties 
need to be involved most of the time, too. 

Head First： Anything else you want to add? 

Factoring! Don’t forget implied numbers! If a 
variable is written alone, there’s a one if you factor 
away the variable. People forget that all the time! 

Head First: Thanks for your time... this was great. 

Factoring! Thank you for letting me clear the air. I 
feel so separated from the group most of the time. 
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expanding binomials and factoring 


(^terpen your pencil 


Use factoring to solve these Math or No Math bonus problems. 
Once you’ve factored, go ahead and solve these completely. 


x . 3j 
2 + T = 


5 少 一 3 = 


4y - 3^ 
~ y 


^ 5 _ r Sx 24a* _ 16x o/) 

3 ~ 3- 5 - 100 - = 24 
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sharpen solution 


ciJharpen your pencil 
、 Solution 


Your job was to factor and then solve all of the equations. 


x . 3x 
2 + j 


+ !>%) — i> 


y/C oh ly 

-Pa^-tovcd a hal-P, 
but you ^ould ; ve 
-Pa^-tovcd ou-t //Zy 
•*f you w^h-tcd. 


^ Iy.) - UV 


+ ^-lZ 


5^-3 = ^ 


5y _ 3 二午 J 
二 I + 3 


^ _ 5 _ 
3 ~3 = 

4~~ ( p -5) 二 


(p-?) =• 


二 I 弓 + 弓 


....... / ^ .d. 

.. VM , s0 \ved 

Y 1 0 二一“今 
?，r , 1 , ave ^ 

^M vt. ^ M as 8 j + 2% - 16x _ OA 

'd ^ tv,e sa " e 100 _ 24 

vaWc W , (ho) (e^ + 2 _h - IW 二 2 • 午 ( 100 ) 


0X. + Ztx. 一 Ax • 二 2 • 午 00 


0^(1 + 3 +Z)- Z^rOO 


9% (b) =1 2 • 午 00 


二 2 • 午 00 

~W 


p =• zo 


% — ^O 



























expanding binomials and factoring 

The final round: Kate can pull even 
and force a tie, or James can ride off 
with the grand prize. 




卜 - 3 )。+ 7 ) = 0 ^\ ；二 \: 
x2 + ^x-3x-2 , \ = 0 




docs^i khow 
io do hwfc/ - 


x 2 + - 2 "\ ~ 0 


? 


spliUp the ^uatio, sei 
both exp^ssiohs e <\ual to «*- 0 

U-3)(x + 7) = 0/ j 

x - 3 = 0 9nc] / or 乂 + j = q 
x-3 + 3 = 0 + 3 x + 7-7 ^ 0-7 


x = 3 


3nc] / 


or 


「- 

Why did James get two answers? Which of his 
answers is correct? Is either answer correct? 
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any number times zero is zero 


Zero times anything is 0 


Kate was working her problem out the normal way, but James 
noticed something... his two terms multiplied out to zero. Suppose 
the first grouping is a, and the second grouping is b: 


H ： 


a 


•b = 0 



Tken ： a= 0 and/or b = 0 


Now, if a is ( 太 -3) and b is (^+7), we just have to solve for 太 so that 
either (a?- 3) is 0, or (x+7) is 0. 




ZJCCO 




If either of those groupings is zero, then it will cause the entire 
equation to go to zero. That’s called the Zero Product Rule: any 
number or term multipled by zero is always zero. 

Let's zero these things out... 


U-3)U + 7) = 0 

V— — 、一 — 


make tW»s Y/ork 


zzro 




at ou\d^° 3 = o a«d/ov x + 7 = 0 ' BtouldW0 
x _ 3 +9 = 0+3- x + 7-^ =0- 7 


x = 3 孙 d 



If either a or b is zero, then the entire equation goes to zero. So 
if ^ is 3 or -7, the equation works out. James was right; there are 
actually two right answers for this problem. 




<vf these solutions 

w _” 齡 k because boih 

the e^tiire e^ ； s i 0h 
out io O. 
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expanding binomials and factoring 


Does a common factor have to 
appear in all the terms in an equation? 

You can factor any or all terms of the 
equation. But when you pull out the factor, 
it’s only multiplied by the terms you pulled 
that factor out of. 

In Algebra, all of the terms on one side of 
the equals sign are typically factored at once. 
But in more complicated math, you may 
have several factors in a single equation. 

What if I choose a right factor, but 
it doesn’t help me solve my problem? 

As long as you follow the rules and 
factor correctly, you can always go back 
to your original equation. Just like inverse 
operations and distributing, all of these tools 
can be tried out and undone if they don’t 
help. 


thereicire no 

Dumb Questions 

How come James got to work on 
only part of his equation at a time? 

That’s thanks to the Zero Product Rule. 
Since only one part of the equation has to be 
zero, both of those pieces can be set equal 
to zero and then solved independently. By 
applying the ZPR, you can work with two 
equations separately, and both solutions will 
work. 

How can we have two solutions for 
a single equation? 

Good question, and we'll talk about 
that a lot more in the next chapter. For now, 
you just need to know that if you substitute 
each value you found for x back into the 
equation, and you get the right solution, 
you're good to go. 


How can I tell when to factor? 

Well, it depends. Usually you can get 
at the solution for a problem several different 
ways, factoring being just one of them. 

If you try factoring something and it doesn't 
get you anywhere, don’t worry; just try 
something else! 

What about equations in terms of 
multiple variables? What if we have x, y, 
z, and w? 

They can be factored the same way. 

If the GCF has multiple variables, you can 
factor them all out. Another strategy with an 
equation of multiple variables is to factor out 
just one of the variables, if you can. And, of 
course, the Zero Product Rule is always a 
great option. 




BULLET POINTS 


■ Factoring is a tool to 
help manipulate the 
equation. 

■ Any time you pull out a 
common number or 
term, you’re factoring 


■ The Zero Product 
Rule means that 
if terms multiplied 
together equal zero, 
then one or all of those 
terms must be zero. 


Factoring to get an 
equation in the form 
of two terms multiplied 
together to equal zero 
means that you can 
use the ZPRto solve. 
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kate lost! 





To recap the rulings: 

❶ James and Kate expanded binomials 

James was careful with distribution, but Kate wasn’t，so 
she got her first problem wrong. Then, they both learned 
FOIL. Next time they’ll both be faster and more reliable. 

O Kate's squared pattern skills rocked 

Kate knew the difference of two squares right off the 
top of her head and didn’t need to do any work. 

James' factoring frenzy blew Kate away 

James knew that factoring to make a manipulation 
easier worked great... and he proved it. 

❹ The Zero Product Rule works. 

James finished up with applying the ZPR to solve a 
tough equation. Since Kate didn’t know about the 
ZPR, she was out of luck. 
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expanding binomials and factoring 


Your 

\ & 

W 


)]Puzzje 


Your job is to take terms from the pool 
and place them into the blank lines 
in the expressions. You may not 
use the same term more than once, 
and you won't need to use all the 
terms. Your goal is to complete 
’ the solutions for each problem. 


6d + 4d - 18 = d 

6d + Ad^ d =^+ 18 -/ 

. =18 

. =18 

d( ) = 18 

… .f.. 


- 12a - 3ab + 9ab = 0 



—: Q and/ov . ! - =0+1 么 

.=12 

t> T~ 


















pool puzzle solution 



plizzjc 

Your job is to take terms from the pool 
and place them into the blank lines 
in the expressions. You may not 
use the same term more than once, 
and you won’t need to use all the 
terms. Your goal is to complete 
the solutions for each problem. 


6d + 4d - 18 = d 
6d + Ad^ A =^+ 18-/ 

6d + 4c| - d = 18 

d(6 + 4 - 1) =18 

d(9)= 18 

… 4.f.. 

d = 2 


- \2a - 3sib + 9ab = 0 

a ( -12 - 3b + 9b ) = 0 

a ( -12 + 6b )=0 

= 0 and/ov ■12 + 6b =0 + I 么 

. 6b ... = 12 

t> T~ 

b = 2 
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expanding binomials and factoring 



Binomialcross 

First, use the inside of your brain to get at the clues that are outside 
your immediate recall to burn them into memory at last... 



Across 

4. A special case of polynomials made up of two terms 

6. First, outside, inside, last 

7. A quadratic equation will have_solutions. 

8. Values held together by multiplication 

9. When you factor, look for the_(abbr.) 

10. Square the first term, twice the second, square the second 

11. To help simplify solving quadratics, manipulate them to be 

equal to_. 


Down 

1. The product of two binomials that only differ by sign is the 

difference of two_. 

2. When the equation equals zero and is a product of terms, 
one or more must be 

3. FOIL really works because of the_property. 

5. The distributive property describes how to multiply 


6. Un-distributing 
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binomialcross solution 



Binomialcross Solution 
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expanding binomials and factoring 



Tools for your Algebra Toolbox 

This chapter was about expanding 
binomials and basic factoring. 


FOIL 

To multiply -tKcsc bio b'mom'iaU： 


(x + a) (x + b) 


Inside 


(x + a) {x + b) 

\ 

tr -fiv-s-b |st -tcvw l s i 七饮 m 

bmomidls. 

? ly ^3e^ev the outside w + a)U + &) 
s of bo*bK bmom'ials. 

\y\s\dc 


O pivst ： 
yviultifly 

•tcv-ms ok both I 
O Ou-tsidc ： 

/HultifW tKc ou-tsidc 

*tcv*ms 


❻ 


/Hultiply t>5C^cv msidc ( x + a) u + &) 

*tcv-ms o-f bo*t^ b'mom'ials. 

Ust： , (x + a)(x + b) 

/Vlultifly bo^ti\\cr last p 

-ty/o -bcvms Jc bo*bK brnom'ials. ^ 

x 2 + bx + ax + ab 


Jmomial sc^uaircd： (x + a ) 2 = x^ + 2 ax + a^ 

Bihomials y/’rtli 

di-Pfcvch't si^hs ： (文 + ci) {x - a) = x 2 - a 2 

TV>C ^Cro Pvodu6 七 Rule 

l-f： a • b = 0 

Then ： d = 0 air>d / or b = 0 


BULLET POINTS 

I 

■ Multiplying two binomials is a 
special case of distribution. 

■ FOIL is just an acronym to 
help you apply the distributive 
property correctly. 

■ Patterns like the squares 
patterns can help you solve 
a problem really quickly, but 
FOIL will always work. 

■ Factoring is a tool to help 
manipulate the equation. 

■ Any time you pull out a 
common factor, it’s factoring. 

■ The Zero Product Rule 
means that if terms multiplied 
together equal zero, then one 
or all of those terms must be 
zero. 

■ Factoring to get an equation 
in the form of two terms 
multiplied together to equal 
zero means that you can use 
the ZPR to solve. 
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cfiictdrcttlc ecfiicitlons 

♦ # 

Getting out of line ^ 



This is stupid. I’m just 
supposed to wait in this line 
all day? Look, it even curves 
around the block! 






Not everything in life is linear. But just because an equation 
doesn’t graph as a straight line, doesn’t mean it’s unimportant. In fact, some 
of the most important unknowns you’ll have to work with in life end up being 
non-linear. Sometimes you’ve got to deal with terms that have exponents 
greater than 1. In fact, some equations with squared terms graph as curves! 
How’s that work? Well, there’s only one way to find out... 


this is a new chapter 
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head first u and water balloons 


Head First U is at war! 



HFU has a tradition of frat wars 
during pledge week. 

The pledges have to nail the opposing fraternity’s 
president with water balloons. Jon’s a pledge and 
has to hit the president at least three times during 
pledge week, or he’s got no hope of getting into 
Theta Theta Pi. 

And, guess who he’s asked for a little help...you! 


Thc-ta 
Pi s house 





Wai ^ scs， 



? -feet 




% *f\rom "the 

o( -the tatapul-t) 


p\ 

p c Vta’s ^ousc 


I 



? -fcci 


should Ud 

、 p 、 七一 a PcVta 、 




Traditionally, the water balloons have been 
launched by hand, or maybe with a slingshot. Jon 
is out to make Theta Theta Pi history, though... 
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quadratic equations 


Jow's upgrading his technology 

Jon’s bringing in a catapult. With a catapult, he can be 
more accurate and hit Pi Gamma Delta’s president even 
harder, and that means he’ll get into the frat for sure! 

The catapult comes with a range equation in 
terms of height and distance. If you know how 
high you want a balloon to go, you can figure out 
where to place the catapult so it plummets right 
down on the Pi Gamma Delta president’s head. 


Only trouble is, Jon doesn’t know 
Algebra... that’s where you come in. 


TK'is is -tKc Y/cks'i-tc Y/hcre Jo 朽 
ov*dcv*cdi Wis TKc si"tc 

lis-b i\\t v-a^c o\ cacM 七 m 

■tcvms Jc ar\ 


Wtrts i\\t c<\ua-t'io^. 






For the first shot, the Pi Gamma Delta president is sitting on the lawn, so the 
height is zero, h = 0. Figure out x so Jon can place the catapult in the right spot. 


get you siaried-.. 

,...( h 二 0 v/V>en tV>e pv-esidetni 

j. 2 土 …… ，枷 . 

wih. .^7. .t!.' .77.x . 十 " 10^. • 士 . .73..Q • . 

……. . 


..a* 2 . - 1Q^.-..75.=.Q 

Now, v/Ka^s %? Subs-bitu-tc "m a double values, 
dy\d see wKat you dome up 
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quadratic equation overview 



N 

For the first shot, the Pi Gamma Delta president is sitting on the lawn, so 
h = 0. Figure out x so they can place the catapult in the right spot. 


"tWis cas*»cv* —x 2 + lOx + 75 = h 

tvy % -10 - IO(ZO) - 75 二 0 ? 

y/ork wi-tK, multiply 9 , 1A , nr r\ 

bo^sid«W- J … ..… -x 2 .±M.±75^0 . 

x 2 - lOx - 75 = 0 

IZ5 + 0 

ivy n-0 O 1 - 10(0) - 75 =i 0 ? 

Uo^i, v/hats >c? Tvy a values ou-t wiH . 

substitution and sec v/K3*t you Covt\t uf wi 七 Vv 


tvy %-\0 I0 1 - 10(10) - 75 二 0 ? 

You may have picked di-f-fcvch-t values. Tha-ts 

-1^4 0 

ok, but i^s pv-etty obvious iKat {x\^\ av\A 
cv-v-ov- isr/ 七 v/av "to <\o Thcvc mus-t be d 

way *to solve -t^ese aljcbvaitally- 


Iwlrodiiciwg a new type of equation: quadratic 

A quadratic equation is any polynomial equation that has a degree of 
two] that just means that the largest exponent for any variable is two. The 
degree of the equation also dictates how many solutions there can be, and 
since a quadratic equation has a degree of two, these equations can have 
up to two solutions. 

So Jon’s equation needs to be manipulated to solve for x twice. The Zero 
Product Rule (ZPR) can also help. If we can manipulate the quadratic 
equation so it’s a product of two quantities equal to zero, these equations 
will be a lot easier to solve. 


WIc actually saw scvcval 
<\uadvatids last dhap-tcv-... wc 
wc\rc "tu\rh'mg "thcrw m*to two 


Expanding two binomials made a quadratic equation, so maybe factoring 
the quadratic back to two binomials is the way to go. Let’s try that and see 
what happens. 


Any ecjuation witk 
actegf ree ol 2 is a 
fjuactratic ecjuation. 
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quadratic equations 




Factoring Magnets 


Use the magnets at the bottom of the page to fill in the blanks, and 
see if you can solve this problem on your own. 


斑 3? ⑽ 


X 2 - lOx - 75 = 0 last Uo 


- ………… )(. 


zJtro 


_ explain wheve this 
Sl 3 rt -f\rom \aiev^l 



Twoo^ values W.ll ke 
a «d W will be wmlws. 


卞、 


)= 



VVell e^la''« 加 e 七 v,s 
s .， ta««e ^ om ' 如 . 




X 


X 


Use this space to check your work by expanding back out the binomials: 
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quadratic equations 



-feet -feet 


Uh oh... the president's relocated 

While you were figuring out how to hit the president, he got clever and moved! 
Now the president’s hiding in a custom-dug water balloon bunker. 


(parpen your pencil 


The 21 foot hole changes things. Write the 
new equation that you need to solve for Jon. 


Where does Jon put the catapult? 

So x is -5 or 15. But what does that actually mean? How can a catapult fire a 
balloon a distance of -5? Keep in mind the context of this problem. How can a 
water balloon travel -5 anything? 

A negative distance means that the balloon goes behind the front of the catapult. 
That doesn’t make sense in this context, so we can ignore that answer. What we 
needed was the 15. The balloon will travel 15 feet. So let’s shoot the catapult from 
15 feet away from the president... 


Thch Thcia 
Pis house 
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factoring takes planning 


(^terpen your pencil 


solution The 21 foot hole changes things. Write the new equation that you 

need to solve for Jon. 

have "to 30 batk -to tV>e original equation, 

+ lov, + 75 so 70W tar, substitute tKe r,ev- h batk in- 

I he heigWt is a heg^ve.. 

hei 吵七 , because i^ s a a hole -Zl 二 -/ + lOx + 75 

an'd it ； s' below' -£Ke girouhd.^j\ - 1^1^ 

.+^[. -Vi ...=•. + JO^± l 1 ? + 2 .(. . 0 .=-.. r ^ l +. l.Q^ + ^k . 


You should always factor with a PLAN 

If we’re going to get the balloon to hit the president, we’ve got to 
solve our quadratics faster this time. 

What we did with the first equation wasn’t very organized, or 
consistent. We tried a bunch of factors, and then had to do FOIL in 
reverse. Neither was that quick. 

Let’s look closer at what we did with x 2 - lOx +75 = 0 and figure out 
how to get a bit faster. 


Q We need a standard form. 

The equation needes to be in the standard form of a quadratic, set 
to zero. You have to have the zero, or you can’t use the zero product 
rule and split up the possible solutions. 


The s-tandavd -fovn> a <\uadvatit 
e«\waW is thvee 佼⑽： 

ah "teirm, a« x teirw, a«d a tohsbftt 


- 10% -7^ — 0 


We need two binomials. 

Once the equation is in the proper form, you know you’re going to 
need two binomials that start with x. Fill those in and you’ve already 
got half of the terms ready. 


(y. Xy. ) — 0 


TKcsc v>ccd "to be multiplied 
(% 1^)(% ZL O 


Figure out the other two terms in the binomials. 

The last two terms need to accomplish two things. First, they have to I^Xy. 弓 ） 二 O 

be multiplied together to get the constant in the quadratic equation. 个 ^ 

Second, they need to add together to get the middle x term. / ' . , 

TKcsc rsttA be added U sMratttd) 
{p o^i *tV>c % itrnx -tKc - lOx*. 
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exercise solution 



SoLutiOH 


Use your new factoring skills and the equation you just wrote for the subterranean president to 
figure out where the catapult needs to go now. 


but 70 U tarr, s^a ? 
bo otv^cv side. 


-^ z + 10% \ ^ 


TKch get vid o( 

•that -/• 、 


The 研 last 

-^««2- 
W $ 
二 2A •十 
二 |t> • fc 


-I U% 1 + 10% + ^)- -HO) 
- 10% ~ =. o 

U )U ) 二 0 


Now weVe m sUda 卞 ^ 

Ua c^Ar^t e^'o*'- 


IVc also khow lha-t wc heed -10% 
•m the middle, so ihc two icvms 
-to woirk out -to 10. 


(y. I^>)U 厶）二 O 

Fov- the sighs -fco yt a one has -to be positive, ahd or\t hcgativc- 
Si^dc y/c v/a»vt a —10%, -the biggev- humbeir is -the negative, —1^> 


U + 幻(广 M>) 二 O 


, + ^>-0 


- X+ “ 广 二 o 


x - I 厶二 o 

+ + — 0 + l^> 


Use fOlLWV^ 咖 
. O U + t)(K- - |fc) - 0 

0 + ,fc /一 H 卄二 0 7 

16 Oo,,«ast ， st.6k^ 6ata ? ， ltkatkl^«tt> 

K,-t Pi Pelta w 长 . 
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BULLET POINTS 


Quadratic equations have up to two 

solutions. 

Factoring a quadratic equation means 
finding the product of two binomials. 

You need to check that your factoring 
is correct using FOIL. 


Finding the constant terms for 
the binomials is the hardest part of 
factoring a quadratic. 

Quadratic equations need to be in 
standard form before you factor. 


ihereiccce no 

Dumb Questions 


Do I have to write all of those teeny steps? 

Not forever. Whenever you learn something new, it’s good to 
write down as much as you can so that you can check your work. 

We actually wrote down a few middle steps that make it easier to 
understand. The binomial only needs to be written once, not 3 times. 
The bottom line is that you should write down as many steps as you 
need to so that you can understand and complete your work. 

Is this just FOIL backward? 

Yes! We're working on figuring out what two binomials will get 
you back to where you started. Why? Because if you apply the Zero 
Product Rule, you can solve the quadratic! 

What are quadratics good for in the real world? 

Quadratic equations can be used to address a whole new set of 
real world scenarios. For instance, Jon's equation is a simplified form 
of a projectile motion equation that describes how objects will travel 
in the air. 

Quadratic equations are also used to design parabolic microphones, 
satellite dishes, and suspension bridges. They are even used to 
design water fountains like those outside fancy Las Vegas hotels. 


How can one equation have two solutions? 

When you have an equation with a degree of two, there are two 
solutions. Remember, a solution means a number that makes the 
equation true; that’s it. As you check your solutions, you'll see that 
there really are two ways to make these equations work. 

What’s standard form for a quadratic equation? 

The general way to write it is ax 2 + bx + c- 0. 

What if there’s an ax 2 ? We’ve only done just x 2 terms. 

Things get more complicated. The process doesn’t change, but 
if you think back to FOIL, that means two things. First, the first terms 
of the binomials need to come up to ax 2 , not just x 2 , so now you’re 
looking at a coefficient in front of one or both of thex terms. 

Second, that means when you expand the binomials back out you 
have to keep that coefficient in mind when you're getting thex term. 

It means you’re looking at a lot more trial and error to get it done. 


Can you always factor an equation? 

Yes and no. There are methods, like completing the square, 
that allow you to work with fractions to factor any equation. But it’s 
tricky and really more of an Algebra 2 topic, anyway. 

So what does a quadratic that doesn’t easily factor look like? Good 
question. Turn the page and see... 


you are here ► 


333 



a new problem for Jon 


Pi &amma Pdta built a wall! 


Over night, Pi Gamma Delta got some of their engineering 
majors to supervise their pledges and build a wall between 
the frats. Now the president figures he’s safe because there’s a 
lot more than just a couple of bushes protecting him. 


Theta Theta 
Pis house 








^ 乂 、 sUk 


^ ^ooi 
W^// 


P\ 

pcVta 、 


乂 (distaste -from "the 

-f\ror\-t o( the tatapul-t) 


♦ pvcs\dc^*t 

sa*fc bcWmd 



That wall is 9 feet 
tall. Is there any way 
we can make it now? 


Jon has no idea how to figure this out. 

But you do. Now you need to figure out another h 
value: 9 feet. No problem! Just do what you’ve been 
doing, and you can find out if A of 9 feet works. 


334 


Chapter 9 
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Can Jon clear the wall? Start back with the original equation and 
put 9 in for h, then solve. 


v/c'i'rd is — 吒 "to ^ a PP Cv> - ^ us ^ 
-flip -bKc y/Kc^ you yt -to a pavt 
y/Kcvc you -feel youVc stude … 


(^terpen your pencil 
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sharpen solution 


r^terpen your pencil 


Can Jon clear the wall? Start back with the original equation and 
put 9 in for h, then solve. 



+ 10% + w - -1(0) 


Remove *t^c 
一 I b^b\y\ 


No 二 ; 代：如 ▲ 巧 ‘ 
jfov a o^sdrahc c^at»on- 


% z - lOy. 一 H 二 O 



VVfe yjccd "two £.o^s-t3h"bs be added^ 

up -to —10, bu*b o( ttese v/ov*(c| 


二 IU 


that s the weivd thihg we wa^ed you 
about FadW'mg doesh't always wovk. 


Mow wkat? 


336 Chapter 9 
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Jon: We can’t figure it out. This equation won’t work out. 

Scott: Jon, if we don’t hit these guys —— 

Tim: Hey, you guys, what’s this thing in the small print on 
the website? 

Scott: I didn’t see that earlier. Let me see. 




SIKOES-U-IJS 

Catapult 

Wooden catapult 

Up to 51b capacity 


sm 



Scott: Oh yeah, there it is. It says: X = — & 士 - 

Jon: What the heck is that? 

Tim: It looks a little like the range equation that it came with. 
It uses x, right? 

Scott: What about all those other letters: a, b, and c. Where 
are they coming from? 

Jon: I’m not sure, but let’s figure it out. 

Scott: Quick, or the president’s going to move again! 


you are here ► 


337 






exercise that formula 




Try out that weird equation that Scott found and see if you can find x. Then Jon will know if he 
can whack the Pi Gamma Delta president on his head, even with a wall in the way. 


. ...p. 


The e^uatioh we T^'«s is 妊 e e'uat 伽 

.solve...\./TT. 


% z - I Ox. 一 二 o 



一 This sigh means 
plus o\r rwihus. 
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We \e(i you ple«-ty o-f v-oom io 
wov-k -thihgs out/ 
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quadratic equations 



i.u 


々二 .1 午 .s 的午 . .\ 三 rr. ±3^. 


Nov/, tKctk youv- Y/ov-k and make 
suvc -tKcsc solutions avc ok. — 



% z - 10% - ^ 

- 0 

. 

% 1 - 10% 一 厶厶二 0 

.(1 午 . .53 竹 ). Z .r-.^b... 

=-..0 . 

(- 午另竹 户 -10( - 午男 竹） - u 二。 

znsn - 1 午 5 .妁午 -“ = 

: 0 

lo.bobl + 中 53 竹 .5 午-从二 0 

0 : 

- 0 

^ 0.0001 - 0 



. \ . 



.. 

t 二一一 


■ jt v/ovks^ Now v)b« kirlby/s 

v/Vicrc Jbc pu"t ^is 
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interpreting quadratic solutions 


9 feet is wot a problem 

After using that formula from the side of the box, we figured out that 9 feet 
works for the catapult at two locations: -4.54 feet and 14.54 feet. 

Both of these numbers are the distance from the front of the catapult to the 
location where the water balloon will be 9 feet off the ground. That’s good 
news for Jon because it means that the water balloon is above 9 feet before 
it passes the front of the catapult and until 14.54 feet away. As long as the 
catapult is less than 14.54 feet from the wall, it should clear it! 


丁 hch Thcia 
Pi s house 



% 2 ■ — 10 % 一 H 二 O 



、二 I 午只竹 ' 二一 午 . 砰?午 
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quadratic equations 



What was that thing that you 
used? Jon just found it in the 
small print on the website! 


It’s the quadratic formula. 

There’s a formula out there that can give you the solution 
to any quadratic equation —— no factoring required^ and it’s 
what was printed on the side of the box. 

The quadratic formula 

The other way to solve a quadratic equation besides factoring is by 
using the quadratic formula. The quadratic formula is written for 


the standard form of a quadratic equation that allows you to solve any 
quadratic equation，whether or not it can be factored. 




a, b, a，d 6 - 


X 


—b± 


Ir - 4ac 


y 2a 


TW,s s y mbo1 ov 


Standard form 




The quadratic formula is great because you can use it to solve any 
equation, but it is a bit cumbersome. To get both solutions for the 
quadratic (remember, a quadratic has two solutions), you have to work 
with the “plus or minus” symbol. To handle that, you simplify the 
expression once for addition of the quantity under the root, and a second 
time for subtraction of the quantity under the root, like this: 


A 


-b + Jb 1 - 4ac 


2a 


The subs^vip-t j s 
a way h> tell 
"the apart 


and 




-b - Jb - Aac 
2a 
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no dumb questions 


thereicire no 

Dumb Questions 


Why didn’t we use the quadratic formula first? Isn’t 
factoring a waste of time? 

We didn’t do this first because we knew that you would say 
that! The quadratic formula is fantastic if you can’t factor, but if you 
can, factoring quickly gives you the whole number solutions. 

Another issue with the quadratic formula is that it’s easy to mess 
up. You need to watch the order of operations and the square root. 
If you get either of those wrong, then your answers will be wrong. 

That square root was really long. How much of it do we 
have write down? 

It’s a judgement call. There is a standard for how many 
decimals you should use, called scientific notation. For now, let’s 
say that two to four decimal places is enough. 

What if there are fractions for a, b, or c? 

That’s no problem. You can do two things: 

First, just go ahead and put the fractions in the quadratic equation 
and simplify. It can sometimes be pretty difficult to do that, but if 
you watch your order of operations, there shouldn't be a problem. 

The other option is to multiply the equation by a number that will 
allow you to clear the fractions, like 4 if you have 1/4 or 3/4, then 
use the resulting coefficients in the quadratic formula. 


Will the square root always be a decimal? 


Most of the time it will be, so you’ll need a calculator. There 
are, of course, perfect squares (9,16, 25, etc.), but it’s not very 
often you’ll get one under the radical. 


Will real world equations have decimals? 

Most of the time you'll have decimals. Unfortunately, the 
real world tends to be messy and not easily quantified. A lot of 
equations deal with real materials (like water or steel) or real 
phenomenon (like speed) are based on measurement, which 
typically are written in decimals. 


Where did the quadratic formula come from? 


The quadratic formula can be derived using a special 
factoring technique called "completing the square." If you use the 
a, b, and c general constants when you complete the square, you’ll 
come up with the quadratic formula. 


You’ll learn how to complete the square for any equation later on in 
math... it’s nothing to worry about right now. 


What if the value under the root is negative? 


You mean, what if b 2 - 4ac is negative? Well, you can’t take 
the root without learning about a whole new class of numbers... 
and that's another book altogether. 


So what do you do if you come across this now? Keep reading... 



The quadratic formula requires precision. 

You have to get the order of operations right when you’re 
working with the quadratic formula. Everything under the 
radical has to be simplified before you can take the root. 


You also have to watch the signs! It’s easy to lose track, so if you need to 
write all your steps out, that’s a good way to keep from making mistakes. 
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quadratic equations 


(^terpen your pencil 


Tim and Scott pulled out the slingshot from last year to try and ping the 
vice president of Pi Gamma Delta while Jon’s setting up the catapult 
again. Help them figure out where they need to shoot from. 


% ,s -tKc disla^c -tKc slm 一 o 七 weds 
■to be Jfv-om -tKc v/all -to 你 akc rt over. 




Make suve 70U 
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sharpen solution 


(^terpen your pencil 


is iv>e dis-tande tV>e slingshot needs 


Tim and Scott pulled out the slingshot from last year to try and 
ping the vice president of Pi Gamma Delta while Jon’s at it. Help 
them solve the new problem to figure out where they need to be. 



Z 




二 e +1 午石午 
i 

^ ii.W 
~ I 


'二 g - 孓午么午 
z z 


'二 

z ~ I ~ 


匕一 '- These ^ Uo vaUs ^ 50 
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si ■ 十 oUl yUhe balloor, ov e . the ^ 
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Z.ZW 


Make You t^etk 7 ^ wovkl 

>c z - + B — 

0 

B — 0 

(5.792J 1 -«(5.792J + B 二 

0 

d-ibe) 1 -0a.2ie) + n-o 

兑 .0 弘-午 5.0% + B =i 

0 

5 所 0 - |0.| 午午 + 13-0 

0 - 

〆 

TKcv-c was some vou^dmj m ^ ^O.OO^Z — 0 
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quadratic equations 


Here are two quadratic equation for you to work on — be 
careful — some weird things are going to happen. 

You 6a 灼 cMoost 

X 2 +X + 7 ^0 心如 OV usi 吋私 e 
^ 一 "' " c^adva-tit W" 1 山 . 


What’s the weird thing that happened here? 


x 2 + lOx + 25 = 0 


Try to factor it here: 


Use the quadratic formula here: 


What’s the weird thing that happened here? 
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brain barbell solution 



« 备货 货荩 H 


Let's ir^ WW 叫广士 


Here are two quadratic equation for you to solve. 

Be careful - some weird things are going to .. … 

happen. 

x 2 + x + 7 ^ 0 


U+ )U+ ) 


7 = 7 


c\uadva*t'^ formula. 

1 ^^The oY\\y (sebors add up 
■to l> ov 0... y\o ^ood- 


X 


X 


X 


-b 土 Jb 2 - 4ac 
2a 


This elation tan-t be ^atWed, 
v/e'll use tV>e <\uadvaiit Wn>«*la- 


-i , /Tl a(a\ (w\ 々 - ^ 0 ^ 0W "t^ e order Jc opeva-tiohs, 

•1±/1 wo,k u ， d e , th e ,adi«| Li. 

2__ 

• 1 土 0-2 S " a * r , e 9 a ^ ve 抑"™' 5 一 

VVKa-t docs "U^a 七 mca# 


2、 


What’s the weird thing that happened here? There's a negative number u^dev i\\c v-adi^al, 

so you tar /七 gc*t "tiic square root. 


x 2 + 10 j + 25 


Try to factor this: 

(x + 5)(x + 5) 


x 


x + 5~ 



Use the quadratic formula here: 

—b 土 Jb 2 - 4ac 
2a 


x 


5 


jr + 5-'5=0- 5 
x = - 5 


x 


x 


-10 士 /10 2 -4 ⑴ （ 25) 
2 ( 1 ) 


-10 士 /100- 100 


Bui -theve s only one jhswev-/ 


X 


-10 + 



2 

TWis ^ocs av/ay* 


10 

T 


What's the weird thing that happened here? TKe numbers undev ihe vadital tantel out, 

■tKev-e's only one answev-. 
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Wait a second! I thought that the quadratic 
formula was always supposed to work. With that 
first one, were totally stuck before we even finish 
under the radical! In the second one, the root just 
goes away. Whafs that about? 


O 


The quadratic formula always works... but it may give 
you some surprising answers. 

A quadratic can have two solutions... but it can also have one solution. And, 
to really throw you，sometimes the solutions are undefined. An undefined 
solution is what we call a solution that forces you to take the square root of a 
negative number. 

So how do you know what to expect? It’s all about the discriminant. 


What the heck is a discriwiwawt? 




The discriminant is the portion of the quadratic formula that is under the 
radical, that square root sign: 丫 

x - -b 土 Xp -iac) “ 

x - - Z ^ 


IF b 2 — 4ac > 0 j then there are 2 real solutions. 

This is the typical situation we’ve been dealing with so far: two solutions that 
are independent and real. 

IF ft 2 — 4gc = 0» then there is only one unique solution. 

In this case, there’s just a single solution that makes the quadratic true. 


IFJ) 2 — \ac < Oj then the solutions are undefined. 

Here, there aren’t any real x values that will make the equation true. This is 
because you’d have to take the root of a negative number. 
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interview: discriminant exposed 



The discriminant €^qposc«i 

This week’s interview: 

Are you hard to work with? 


Head First ： Hi Discriminant. It seems you haven’t 
gotten much publicity lately. 

Discriminant ： So true. Most of the time, people 
are required to learn about me, but they just don’t 
appreciate my usefulness. 

Head First ： Umm, yeah. So, what exactly are you 
good for? 

Discriminant ： I’m a short cut! Using the quick 
b 2 - 4ac check can save you from doing lots of work. 

Head First: How so? 

Discriminant ： If you just run that formula and 
compare it with zero, you can figure out how many 
answers you’re looking for with a quadratic equation. 

Head First: I see. So if you’re less than zero, the 
solutions are undefined, right? 

Discriminant ： That 5 s true. There aren^ any real 
numbers that can be squared to get a negative 
number. 

Head First ： What about if you’re equal to zero? 

Discriminant: There’s just one number that works - 
so if you’re going to solve the equation, you know that 
you’re only looking for one answer. 

Head First: And if you’re greater than zero? 

Discriminant ： Then there are two solutions, like 
you’d expect for a quadratic equation. 


Head First: So it’s a neat little trick to figure that 
stuff out, but how does it really help to figure you out 
first, instead of just factoring? 

Discriminant ： It’s almost like checking your work 
in advance. If you know how many solutions you’re 
after, you’ll know when you get some solutions you’re 
on the right track. 

Head Rrst: That seems helpful. Do you have any 
other tips? 

Discriminant ： If you figure me out and I turn out to 
be a perfect square, the solutions to the equation may 
be a round number. 

Head First ： Just to review, why are the solutions 
undefined if you’re negative? 

Discriminant ： Because you can’t take a root of a 
negative number. A negative square root is undefined. 
That’s a property of a square root. 

Head First: Thank you so much for your time. Now 
I think we all have a better understanding of what you 
do. 

Discriminant: Thank you! I’m so sick of being seen 
as a waste of time. I’m actually a real time saver. 
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♦ + + 

—— O 办聲玄—— 

Simplify each discriminant and then match it to the corresponding 
possible solution to the quadratic equation. 


Discriminant Value 
b 2 -4ac = ? 


(6) 2 -4(3)(3) 


⑸ 2 —4(1)(—14) 


Possible solutions to the quadratic 
equation that created the discriminant: 

You don't have "to 
ou-t the afrb*al solw-tior.. 

See i-f ** se 

七 he dist'fin>iir>air>'t 'to i >5' 

-this out 



-2,7 

(l) 2 -4(7)(!) 


Undefined 

(4) 2 -4(-2) (-2) 


(2) 2 -4(3)(3) 
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who does what solution 





+ 

MATT - ? - 


Simplify each discriminant and then match it te^e^eerF6*fpOR4m^ 
possible solution to the quadratic equation. 


Discriminant Value 
b 2 - \ac = ? 


Possible solutions to the quadratic 
equation that created the discriminant: 


(6) 2 -4(3)(3) 



2 , 


Undefined 




Tl，is L iS 气沾 。“ "Uhe 

f^rofsoluiics... ihe 

wWh £ h « e a J 
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tJieretcire no 

Dumb Questi9ns 


Checking my work with the quadratic formula 
is a pain... 

Yeah, it kinda is，but it’s worth it. The quadratic 
formula is pretty easy to mess up... those signs can be 
a real killer. 

The decimals make checking your work tricky, too, and 
they make solving the original equation difficult. That’s 
why checking your work is so important! 

Q/ Why can’t you take a negative square root? 

Because a negative times a positive is a negative. 
A square root is supposed to be two things that are 
exactly the same multiplied together, and you can't do 
that and get a negative. 

You can, though, take a cube root of a negative number. 
Since a cube root is three numbers multiplied together, 
a negative times a negative is a positive, times another 
negative is a negative. 


If I want to start with the discriminant, do I 
have to get the actual solution for it to be useful? 

You can totally eyeball it! If you get 1 minus some 
giant number, it's obviously negative, and that's all you 
need. Just use your best judgement! 

Which is better, factoring or the quadratic 
formula? 

It depends. Usually, if an equation’s factorable, 
then factoring is easier. If you start with the discriminant 
and it comes out as a perfect square, it's probably a 
good idea to try factoring first. If you factor, you get 
nice whole number answers, which makes life so much 
easier. 

On the other hand, if you just want to solve an equation, 
go quadratic, and you'll get the answer every time. The 
downside is that it’s easy to mess up. 
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a moving target 


Frat Wars, part deux 



After their unsuccessful attempt to hide their president in a hole and behind 
a wall, Pi Gamma Delta has figured out that Jon can be really exact with his 
water balloons, if he has time to calculate. So now the president has decided 
he’s going to just keep running around since we can’t work that fast. 

To aim the catapult properly, we need to be able to work out two things: 


© 

O 


What heights can we hit? 

Jon’s water balloon can only go up so high, and there’s a different x for 
every h. 


For every height, where does the catapult need to be? 

Jon needs the position for aiming, which is x. Then he can nail the 
president and get himself and his fellow pledges into Theta Theta Pi. 



is -t^at weve 
(»ol solve ^adyat.t 

铋 >^ eaWet>look 

^ese tWmy >*? someW.. 
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A graph lets us SE£ values 


Just like when we were working with linear equations and wanted to skip 
calculations, a graph would help us see all possible solutions. 


We need to figure out the relationship between distance and height, so for 
any distance, we know the height to shoot balloons, and vice versa. So we’re 
looking for the relationship between two variables, x and h. 


If we had a graph, we could just read off points and tell Jon without having 
to run a bunch of calculations. The thing is, this equation has an x 2 term in 
it, so how does that work? It’s probably not a line, is it? 



What shape do you think this graph 
will take? 
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graphing a quadratic equation 


How caw you graph x z ? 

We know lots of stuff about an equation in the degree of one: it has 
a slope, some intercepts, and it’s a straight line. But a second-degree 
equation may have some other shape that we don’t know about yet. 
We do know that it can have two solutions, not just one, which must 
mean something about the graph... 

The simplest way to plot a graph of an equation is to plot a few 
points, and then connect the dots. Since we don’t know the shape of 
this graph, let’s start by picking a bunch of points and plotting them 
to see what we come up with. 

Fill in this chart with the right h for each x. 


ay e some 
values, you 
^'9uv-e ou-t -the 
h—values. 



Wse this spate e^a >wovk ： 
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^terpen your pencil 


Plot using the points that you just found on the facing page, and draw 
the resulting curve. 


口 r —。 丄 


l0 ^ Vrne 护 S 


h 


-- 

-15 

-10 

- 1 - 

-5 



一/ + lOx + ?5 二 1 
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sharpe/? solution 

^Sharpen your pencil 
^ Solution 


Fill in this chart with the right h for each x. 
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quadratic equations 


Plot using the points that you just found, and draw the resulting curve. 




(5 > loo) 




(g . II) 




, ( 10 , 75； 


-/ + 10 % + 


I 

Wkat skape is tkis? 



^elax 


Don’t worry if your curv 
exactly a smooth shape. 


The point of the exercise was to have you figure 
out the general shape of the equation, not draw 
a curving masterpiece. 
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a quadratic is shaped like a parabola 



r Thc ov ^H is 

a pa^abob. 




*is\blc 


TW»s \s an mvi ： 

Vmc s ? l\ts tv^c 
?avabola m 


y = X 2 


_ 如 — ” 心， 咖 e 
ol sidTes o n“ 



-10 -9 -8 -7 -6 -5 -4 -3 -2 - 



23456789 10 


The simplest parabola, j; = x 2 , is symmetric about the j;-axis, and the vertex is the 
origin (0, 0). It’s the most basic parabola, and that makes it a great example to use 
to talk about the parts of the graph of a quadratic equation. 

Once you start adding x terms, coefficients, and constants to a quadratic equation, 
the graph changes. Jon’s catapult graph was upside down because our quadratic 
had a -x 2 term. Other coefficients in front of the x 2 affect how wide of narrow the 
U-shape is. The x term and the constant term in a quadratic equation move the 
basic parabola around on the plane: up ， down, or side to side. 


Tke y = x 2 parabola is tke basic 
skape oi all truactratic ecruations. 


A parabola is the shape of a quadratic equation 

A parabola is basically a “U” shape. The width and placement of the U-shape 
changes, depending on the equation. A parabola is also symmetrical around an 
axis of symmetry and it’s lowest (or highest) point is called the vertex. 
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quadratic equations 


Graphing a parabola depends upon the vertex 

Once you know what the vertex of a quadratic equation is, you can pick some points on 
the left and right of the vertex to draw a nice curve. That’s all you need! 

Finding the x-coordinate for the vertex is easy, it’s: — b 

X ^~2a 

To find our catapult’s vertex, start with the equation in standard form and use the formula: 



^ r: 


+ 


10% + 7<5-h 

V 


X 



-(5) 2 + 10(5) + 75 
-25 + 50 + 75 
100 


Use ⑽ d understand the vertex 


-'-coo(ra,„ate +ov ih e 

verity, back mto ^h e 

^ 3e i ihe vet 七刎 

^d^ie (h, ou*- £ 3se ). 


TKe vev-te>t is ( 5, 100) 


|-t mav s«"> I'ke a lot b> ve«>e">Wv-. 
The more ，够 k j ^dratids, 

the more all this W.11 ketome 
s^d r,aWe- 0 W stk« ? af.iar,d 
dov\ f i 5 'wc u\>- 


The vertex is either the top or the bottom of the parabola. How can you tell? If 
the quadratic starts with a positive x 2 term, it’s the bottom of the parabola; if the 
quadratic starts with a negative x 2 term, it’s the top of the parabola. 



To finish the graph after you 
know the coordinates for the 
vertex, you just need a couple 
of points along the two sides of 
the parabola to finish the graph. 

To pick the rest of the points to 
graph, just go to the left and the 
right of the vertex, and you’ll 
have the basic shape. 


Vertex 



you are here ► 


361 



Jon can hit a moving target 


Here goes - I’ll tell you where 
the president is if you tell us 
where to stick the catapult. 






a^d settee 
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quadratic equations 


(^terpen your pencil 


Here are the locations that Scott’s calling out. Use the graph that 
you drew to figure out where to put the catapult. 


The president climbed a flag pole, 30 feet up 


Climbed down to a second-story porch, 15 feet up 


Hot air balloon! He's 120 feet in the air! 


Down the steps of the basement at -10 feet 
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sharpen solution 



Here are the locations that Scott’s calling out. Use the graph that 
you drew to figure out where to put the catapult. 


hi-t/ 

The president climbed a flag pole, 30 feet up .If. !/?!*. .9?. 味 . 切 ?. . 今 7. 

avour>d \1> ar>d -feet Pu-t ta*tapul-t \^> -fcc*t -fv-orw -tlic -Plao| pole- 


Climbed down to a second-story porch, 15 feet up 


Ka*»lcd 


Up 1*5 -feet, its erthev* -午 or I 午弓 -feet, so put *thc catapult I 午 今 -feet *fvo»w -tKc povdh. 


Hot air balloon! He’s 120 feet in the air!. 

The ta*tapul-t v/oh^-t 50 tlia 七 Its more -tlic vcv-tc^ a*t 100 (cci, so v/cll miss W\n\. 


Down the steps of the basement at -10 feet . 

Vovjy\ -tch (cci is 一 10, v/Kith is a*t abou-t -fcc*t a»^d -feet 


One 一 t 寸七 

o 灼七 he head! 
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quadratic equations 


Work with the parabola, the SMART way 


Now that you know all about the shape of a parabola and how it relates to the equation 
and the discriminant, we can put it all together and see how everything works. 

Ouv ovioimal ^ + 10% + 1^-\> 


❶ 


We know that the parabola is pointing down because the 
x 2 -coefficient is -1. 


O 


You can easily figure out the vertex with x : 



2a 


-奶 + 10 ⑸ + 75 二 h 

Substitute this batk ih-to ' 100 二 h 

七 k 叫|*^1 c<\uatioh -to •Pihd 
the o-their Vertex doovdihatc. 

That means the vertex is at (5, 100) when you plot the graph. 


O 


^- V ) 1 - 十 at 

Evaluate the discriminant to find out how many solutions there will be 
for the catapult’s quadratic equation. 


dis 乙 vWmdivt : 


lo 1 - 


Two real solutions to the 
equation indicates two x 
values where the vertical 




I his 祕仏 e Usi 

仏 e 产 solved ih e 
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the discriminant and the graph 


The discrimiwawf caw help with our graph, too 

Discriminant values fall into three categories: greater than zero, less than zero, or zero. 
We’ve talked about what those values mean for the number of solutions to a quadratic 
equation, but what about for the graph of a quadratic? 



ip 乜 2 — > Q There are 2 real solutions, 2 places that 

the parabola crosses the x-axis. 

The solutions for the quadratic equation are the two values that work when the 
equation is set to zero and where it crosses the x-axis. 



IF b 2 — 4：GC = 0 There is only one unique solution, and the 

parabola only touches the x-axis. 

Like the picture of j; = x 2 , the graph sits on the x-axis but won’t cross the axis. 



IP b 2 — \dC < 0 The solutions are undefined and the graph 

sits above the x-axis and never crosses. 

An undefined solution means that the quadratic equation has no number that 
will work if the equation is set to zero. On a graph, it’ll look like it’s floating... 



So here's our final graph: 


Take all that information, and you’ll end up with the same graph as 
before. But, this time, we’ve got some built-in checks for our work. 

We knew to expect an upside-down parabola，with two real solutions, 
that crossed the x-axis in two places. 

• 七 ( 弓， IOO) 

/. \ Tke solutions 

t L Ao \ for a fruadratic 

pa^bola should b e \ ^ 

^<de dowh ahd / 20 \ 

x -axis j \ x 

- 1 1 1 1~h- —— I h-/n 1 -- t 1 1 1 h-\n 1 1 —— ► 

0-18-16-14-12-\0 -8 eJ A -2 The solutions 1416 18 20 

/ / 以 ：： \\ 士 ▲ 

/ -40 \ otker variable 

f 60 \ (usually y) is 0. 
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there 

Duuii 


What’s the deal with always having two answers? 

When we talked about the discriminant, there were three 
different options for answers. One answer, two answers, or no 
answers. The basic parabola, y = x 2 , only touches the x-axis at 
one point, so that’s one solution. 

The typical parabola, like the catapult's, has two solutions and two 
places it crosses the x-axis. When we used the quadratic formula 
to solve this equation, the answers we got were the two places 
that the parabola crosses the x-axis. 

How do I find the vertex again? 

A. 

r\. The vertex has a consistent x coordinate, 2a .It 
is a fantastic place to start plotting points because it’s the top 
(or bottom) of the parabola, and you know that you'll have 
symmetrical points on either side of the vertex. 



quadratic equations 



Is there another way to graph a parabola besides 
plotting points? 

Yes, but it’s complicated. We’re just scratching the surface 
on parabolas, and in order to learn all the deep dark secrets of 
parabolas, there’s a lot more math involved. Algebra 2 will explain 
all of that! For now, we’ll stick with plotting points, usually starting 
with the vertex. 

Which kind of quadratic equations have a graph that is 
an upside down parabola? 

If an equation has a negative x 2 term, the parabola is upside 
down, or pointed down. If the x 2 term is positive, then the parabola 
is upward. 

Is there a way to find the axis of symmetry? 

The axis of symmetry is the vertical line that goes through 
the vertex of the parabola. 

So if you think back to the standard form of a vertical line, it's just 
x = the x - coordinate of the vertex, which is: x 


■ The x- coordinate of the vertex is - 

■ A quadratic equation has 0,1, or 2 

solutions. 
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quadratic equations 




Let’s put it all together. Work with the following quadratics using all of the techniques you’ve learned. 


x 2 -A = 0 


How many solutions are there? 0 12 

How will you solve it? Factoring Quadratic Formula 


Which direction will the 

parabola be facing? Up Down 


5x 2 + 4x - 11 = 0 


How many solutions are there? 0 12 

How will you solve it? Factoring Quadratic Formula 

Which direction will the 

parabola be facing? Up Down 


3x 2 - x + 13 = 0 


How many solutions are there? 0 12 

How will you solve it? Factoring Quadratic Formula 

Which direction will the 

parabola be facing? Up Down 
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quadratic exercise 







Work on one more, but graph it this time. 


x 2 - lljf + 28 = 0 


How many solutions are there? 0 


How will you solve it? Factoring Quadratic Formula 


Which direction will the 
parabola be facing? 


Down 


—aph it 


-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
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quadratic equations 



Let’s put it all together. Work with the following quadratics using all of the techniques you’ve learned. 


txeRcise 

a/v mm X 2 — 4 = 0 


How many solutions are there? 0 


CD 


x + z 二 o 


^ - Z — o 


羊\ 二 C > -1 於 + 二 o + z 


^ - z 


^ — z 


How will you solve it? ^actoring)^ Quadratic Formula 

&-tKcv out o*f -tv>csc Y/'ill Y/ov-k, bu-t *fa6WmV s easiCr . 

Which direction will the \ 

parabola be facing? ( Upy Down 


Vo\A khow this because i\\t Coe(f \C\tv\i 
m -fvo^-t o-f "the *tcv*rw is posi-tivc- 


5x 2 + 4r - 11 = 0 

^ - -b + ^b z -午沘 
~ = ~Za 

* 二一千 - 午⑸(一 ii) 

* 二一午 + [bT 

To 


. 2 . 6\rtaitv -tKa»r> z^v-o - 

b 一午 ad = I 么一午⑸ (-11) = 23 么 -bKcvc avc 2 - solutions. 

How many solutions are there? 0 1 C^] 


How will you solve it? Factoring ( Quadratic Formula^ 


Which direction will the 
parabola be facing? 


(S> 


+J 2.^ 

Id 


x 二 im 


x 二-午 -J xib 

Id 

* 二 -l .科 


3jc 2 - jc + 13 = 0 


Tlicvc avcr/*t a»^y solu-tiohs, -tlic 
disdvivnindn't is less 七 hdh O 


How many solutions are there? ^0^ 1 2 


How will you solve it? Factoring Quadratic Formula 

Which direction will the 

parabola be facing? Up Down 
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exercise solution 



Work on one more, but graph it this time. 


So{.ut»OH 


x 2 - lljf + 28 = 0 
DU - 午）二 O 


- 午 at 二 (-I0 1 _ 午 ⑴ 20 二 ^ 

How many solutions are there? 0 1 ^2^ 

How will you solve it?<^Factoring ： V Quadratic Formula 


^ - 7 — O 


午二 o 


^\raph i-t V>cvc 


o + l +/\- + %-fr-0-\ 
1 K. X 二午 

' T 

Th.s «, ea „s you 七⑽ 


poi»U n, O) ahd ft, O). 


Which direction will the ^-r- 

parabola be facing? (Up J 

午 Vertex (iO — -b/Za 弓弓 z -bO 


Down 


T 


- t>0.^ + - 


-Z.Z«5 - 



- 4 - 

- 

-5 

- 

-6 

- 

-7 

- 

- 8 _ 

- 

-9 

- 

- 10 - 

" 
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quadratic equations 



Qiiadraticcross 

Make sure both sides of your brain balance. Here’s a 
crossword to get the right side working. 



Across 

4. A quadratic is centered on the_ 

6. The shape of a quadratic equation is a 
9. If you can't factor an equation, use the _ 


10. Breaking a quadratic into two binomials 


Down 

1. The top (or bottom) of a parabola is a_ 

2. You can't take a_root. 

3. The terms under the root are the_ 

5. An equation with a squared variable 

7. Factoring quadratics is_backwards 

8. A quadratic equation has_solutions 


， Atiswers on page 376. 
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tools for your algebra toolbox 


ON 





Tools for your Algebra Toolbox 

quadratics: i 

wa 七七 cn 

% Weds "b “ sta«da.d w 

set You V,av e t ， tV, e o. you 巧 us 
2 匕 ? ,odud rule and S ? l，i u ? 

|m| I uf> ilie bmomidls. 

Oi\tt -the equation is in the pvopev ^ovw, you know youVe 

9 om 9 ^ weed binomials tha-t start y/i-th Fill them 

you^^krady got -te<r«»s done! 

pmd ou 七七 ^ o 七 W *bwo 七 evms ■ 

•m tV^c bmom'ials. 

T^e last W tev^s need io atto 吋妯 Uo 铷呼 . 

T^ev ^ave 1© be wultiflied ^oje-t^ev -to yt "t^e 

tonsta^-t m ^uadvatit e'uat 伽门弓 ) .， 0 

..I 1 * 1 Ae 七七 ^ 乂 七 evm (— 10>0. 


Uc s ^^d To^ of 

c^ioh 


a 


ax 2 + bx + , 


Fill in "the sijhs ahd t\nctk your work. 

To ^ish up the W, -fill i, ih e si 9 ， s . -n, ey , eed ^ be 

^ the s awie si 3 ， i, Wolthe to^i 

a,d added h> 9 et th e ^ (-10^). The,, c ，d the 
b 7f ls # 尸时 W 机 us— FOIL, a,d wa k e su, e it 

watches what you sia^ied with. 


\0% -75-0 


(k. )(■/• ) — 0 

■ 

^H~Kese ^eed *to be mult'pltcd 
^B^oic-bV>cv- -to yb 

1 ^)(% 5) — 0 

T 1 ( 

TV>cse need "to be added (ov- 
sub*brad^d ) 坛 * 

七 cvrw "t^c 一 10%. 

I - |5)(>c + 5)—0 

4~ 

>c z + 5>c - |5x. -75 — 0 
>c z - |0>c - 75 - 0 


^ BUllET 


POINTS 


Quadratic equations have up to two solutions. 

Factoring a quadratic equation means finding the 
product of two binomials. 

You need to check that your factoring is correct, using 
FOIL, before you solve. 


■ Finding the constant terms for the binomials is the 
hardest part of factoring a quadratic. 

■ Quadratic equations need to be in standard form before 
you factor. 
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quadratic equations 
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crossword solution 



Qiiadraticcross Solution 
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10 functions 


參 


Everyone has limits + 





Some equations are like suburban neighborhoods... 

… they’re fenced in. 

You’ll find that in the real world, many equations are limited. There are only certain values that 
an equation is good for. For instance, you can’t drive a car -5 miles or dig a hole 13 feet up. In 
those cases, you need to set boundaries on your equations. And when it comes to putting 
some limits on your equations, there’s nothing better than a function. A function? What the 
heck is that? Well, turn the page, and find out... through the lens of reality TV. 


this is a new chapter 
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pajama death is back 


Dude, it’s time to go big time ： bigger venues, 
more fans... But to get to the next level, we 
need $52,375 for new equipment. How are we 
going to make that much money? 


It’s up to YOU to raise cash for Pajama Death. 

After hearing all that you went through to get Paul to their 
concert, Pajama Death figures you’re a real fan... and a 
financial wizard. They need you to take their future to a 
higher cash plane. 

Your first order of business? Figure out how much Pajama 
Death stands to make off the new reality TV show their label 
just signed them up for. Nobody likes to sell out... but some 
new touring gear would sure be sweet.. 



pajama 


pcatV^ 


378 
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functions 


Pajama Pcath TV 

Here’s the deal: the network wants an 11 -show deal, and Pajama 
Death gets 5% of the proceeds. That includes advertising revenue, 
plus ticket sales to live tapings each week. The show’s 90 minutes 
each week, and the network guarantees 20 ads per show. 



TWis is w^a-t 701 * 

How tas^ Will 

pajama Pea-t^ make? 


/\dls ov> T\/ arc 



Acts are 令 1000 eack. 


Admissioh -to -the 

make mo Me y, ^ 0 . 



Tickets are 
令 100 a seat. 


° + se ^h sold 
^ sKow. 


(parpen your pencil 

Write 


up the equation for the per-show revenue and figure out how much Pajama 
Death will make if they sell 1,515 tickets to the season premiere. 
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modeling the real world 


(^terpen your pencil 


Your job was to figure out the revenue from doing the TV show. 


^ TV number o-f ads pev* sKow -times iht dost per ad 
^^1 - ― — • - *t. ^..TTTT. 社?..吵 rr.bdpf. tickets... 




知 .c^uatw^.ip. 啊和! .>h?. 

vcvc^uc *s bdsed "tV>C 


- The 匕。 si p 饮 “ is based the 

娜°.靡 . :… C . 故泣 


For scats, R - 2-0,000 + lOO(l^) - 171^00 
PJ Death s dul - ( 0 . 0 ^)( 111 ^ 00 ) - f 职 〆 


'Pretty ^ood -fov ohC show/ 


a^d V)o>/ w*3^Y *ti£-kc*U Bye 
sotd'^ova* s^oy/-. 


Uh oh... there's a change m venue 


At the last minute, the taping location changed. Now only 1,511 seats are 
available, not 1,515. Sound hokey? In the real world, limits exist all the time. An 
equation on paper doesn’t have limits, but problems in the real world do. 


Our current equation doesn’t say enough about the problem it models. Sure, we 
can solve for R, but there’s nothing to prevent us from accidentally putting in too 
many seats for x." and overestimating what Pajama Death will actually make. 


几 e 一 

valid foir all 尺1. R 


20,000 + IOOjc 


■JV e^uaiioK, is valid 
|4 +otr all X ( S) ^ 


Limits for this equation will come from the x vales, not R. Since R is totally 
dependent upon x, if you limit x, which is the number of tickets, then R will 
also be limited. 

So what do we know about the number of tickets ㈣ ？ 

O Worst case? 

The worst case scenario for Pajama Death and ticket sales? Nobody 
comes. That’s zero tickets sold. 

_ Best case? 

Pajama Death sells out all 1,511 seats. If you sell more than that, 
people are going to be mad because they’ll have nowhere to sit... so 
that’s the maximum x value. 


How can we 
turn tke tkese 
facts into 
limits ior our 


eejuation? 
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Equations have limits (most of the time) 

The real world is full of limitations like tickets, time available for a TV 
show, the number of songs that Pajama Death can sing before they lose 
their voices... and each of these limits may need to be modeled with math. 

Fortunately, Algebra just happens to have the perfect thing for this 
situation: a function. Among other things, a function can limit certain 
values for its variables. These variables are called inputs in a function. < 

For Pajama Death, the limits will be the maximum and minimum number 
of tickets, x, that can be sold. Those limits will make sure that we don’t 
go figuring numbers for more seats than there are, and in turn, limits the 
amount of money that Pajama Death can make in a show. 



竹 "the Rajama Death c^uatioh, 

vcwvittch as a 4hdioh ; ihe 
ihPut would be "the humbev 
o\ scais sold. 


A function can be expressed as a 杓 equation 


A function is really just a special type of equation, and usually carries 
along some extra information. And since equations can also be functions, 
there needs to be different notations for functions, so we can tell what 


we’re dealing with. A function isn’t written in terms of a variable like y, 
but is instead written like this: f(x). 

So we can use the powers of a function to limit the revenue equation for 
Pajama Death, we need to rewrite the equation as a function. To limit 〆 
the number of tickets, we’re looking to work with the x variable, right? 
That means the expression needs to contain x and be set equal to f(x). 

So we can dump R, and rewrite this equation as a function: 


Jus-t like 十 ' r va"aWes, 
a 

be AVrU 扣 or 

/ . 、 a. i \s t\\t wost 


">eahs "a 
TUh^-tioh o*f w 



The variable 'ms'idc 
is vaviaklc- 

\x) = 20,000 + lOOx 

TV>C equals somctWmJ sli^vtl 丫 , 

wav/. rtf\C3^S IS deT 



这兑 _ 

Fill in the limits for the Pajama Death revenue function. 


/(x) = 20,000 + 100x 


< x < 
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domains dictate limits 



各办 tern 办 n 

Fill in the limits for the revenue function. 


/U) = 20,000 + lOOx 


This is wo^rst 

Use - hobody 亡 。 mcs 

^0 < X < 


1*511 


The show sells ou-fc/ 


The iwpuf limits arc the domain of 
the fowetiow 


/ l^ui 
f ^Hablc 


f(^) 


All functions have a domain, which is the set of valid inputs for 
the function. The group of values which is valid for the function 


is usually written as an inequality. The domain inequality is 
in terms of the input variable, which is the variable inside the 
parentheses of the f(). 


So for our function, x is the input, and the domain is all the 
numbers that x can take on: 0 to 1,511. 


For the function: 


The domain is: [ ’ 

fix) = 20,000 + lOOx o < x < 


In general, the domain of a function can be completely 


% is valid -fvom O -bWou^K 
1^11 (-tKaVs v/Ky you 
needed less ov c«\ual 
-to, hot just less 


I 引 I 


arbitrary (based on the problem or it’s situation) or 
defined because of the expression itself. How many 
tickets you can sell is arbitrary, because it’s dictated by 
how many seats are in the arena. It’s not something 
related to the math expression. 


All iunctions 
kave a ctomain. 


tfiereicffe no 

— Dumb Questions — 

What do you mean, limited because of the 
expression itself? 

Many mathematical expressions don’t go on forever, 
and are self-limiting. If you have an expression with an 
x denominator, a parabola that only covers part of the 
Cartesian plane, or a place where you may end up with 
a negative square root, the domain is limited due to the 
expression, not necessarily because of the real world 
problem the function models. 
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^terpen your pencil 


The -fuhd-tioh -for v-cvchuc 
fcv show is ovcir hcvc- 




Only 473 people came to 
the first show. That was lame. 


x is within the domain. 

Only 473? It looks Pajama Death fell a lot short of 
what it was hoping for, at least for the first show. 


Still, we knew that 473 was a possible value, 
because it’s greater than (or equal to) 0 and less 
than (or equal to) 1,511. That’s what the domain 
does: gives us all possible input values. 


How much did the band make for the first show? If the numbers 
stay at 473 for the remaining 10 shows, will they make enough to 
buy the new equipment they want? 


Pajama 

of 


Peath r-eeds 

tKe season, 10 ">ove 如邮 
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sharpen solution 


(^terpen your pencil 


solution How much did the band make for the first show? If the numbers 

stay at 473 for the remaining 10 shows, will they make enough to 
buy the new equipment they want? 

午 is withih the 

(W) =1 ZOOOO + 100% o < X < 1^11 doma.rn, so .rt’s ok ■(» use. 


.. 二 . 'PP^IV .value 


UMl ) - trnoo 


This is -tKe •fco'tal show revenue 


5 % o( iKe veve^ue = (O.O^XbUOO) - / 1,1^ a W le « 心 ‘d weds. 


|| - 滅、 10 一 sW — 
•t\,e one -t^at alveadY '' a ?? e, ' e<1 


Total al Ml - II ⑽ 5) 


Total at Ml - ^1, 015 


P_ a p e ath,«ds^2.,^W^ e 

Cy\tf 6^ .seflrsw 10 ，wv0，r ^ .sVwv^ . 


^ Pajama Death is hot 30^3 

f^7, Ol^ is way less -t^ah f io make though *fov the hev 

C<\uiprv»Ch*t they hCcd/ 


What a terrible turnout. 
Were never going to sell out 
stadiums! We can’t sell out and 
still not get our gear! That’s a 
total zero-input situation. 















functions 


Fowctiows have minimum a^d maximum outputs 

Function inputs make up the domain，we know that. By limiting the numbers that can 
go into a function, we’re limiting the numbers that can come out of a function. If only 
1,511 tickets can be sold, we can figure out the most that f(x) can equal... and we can do 
the same for the minimum value of the function. These minimum and maximum values 
are the limits for the output of the function. 


The process of determining a function’s outputs is called evaluating the function. So 
every time you plug in x, and solve for f(x), you’re evaluating the function for a certain 
input value. That’s really just like solving the equation, which you’ve done a ton of times. 


So whaf s the MAXIMUM we caw wake? 

Whaf s the MINIMUM?^ 

Using the domain as the starting point, we can find the minimum and maximum 
outputs of a function. That’s basically saying, how small and how big can f(x) get? 


fix) = 20,000 + lOOx 


< a: < 1511 


哝一 (“加 aU t 二 tr : 




Evaluate the revenue function to determine the maximum amount of money that Pajama Death 
can make for the rest of the season. Suppose Pajama Death sold out every remaining show 
after the poor season premiere sales. What would they make over the entire season? 
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outputs are the range 




: xeRcise after the 

©OtytlOH 

(W) - 10000 + 100% 


Evaluate the revenue function to determine the maximum amount of money that Pajama Death 
can make for the rest of the season. Suppose Pajama Death sold out every remaining show 
after the poor season premiere sales. What would they make over the entire season? 


< j < |5|| 


' Badk -to 。吐 ,<! 




f(l^ll) - I1IIOO way b> wile this set o( mput output \wouia That’s mu£h more thah 

.be as a»> ovdeved paiv (1^11, \1\\00) . the f5Z375 they heed/ 


5% iKe revere =■ (0.05Xnil00) = / 0,5$ + W =i 0^1? … 

^ Suppose hstrt av-c \0 move sold out 

This is how mudh the bdhd would-—^ shov/s Y/itV) i\\t ov\t lousy shov/ … 

make (or ohc sold out show. 


All of the valid outputs are called the range 

Just as there is a set of inputs over which the equation is valid (the domain) 
for every function - there is also a range. The range of a function is the set 
of numbers over which there are valid outputs. The range actually provides 
the minimum of the function (the lowest possible output) and the maximum 
(the highest possible output) of the function. 

You write the range like the domain: as an inequality. Also like the domain, 
functions are written with their range so you can know the limits of the 
function’s outputs. And, of course, the range for certain functions will be 
limited because the graph may not cover the entire Cartesian plane. 


Watch it! 


The limits of the domain don’t always give you 
the maximum and minimum outputs of a function. 

In the case of the revenue function, the least value of the 
domain results in the minimum value of the range, and the 
highest value for the domain results in the maximum. That’s 


because we’re dealing with a line that has a positive slope. If the line had 


a negative slope, though, the values would be reversed. If we had a curve, 


the maximum could be in the middle of the domain! 
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- fiinctl^ns Vay 

XJp C]®se 

What we’ve learned about functions so far are some characteristics of functions: 
domain, range, inputs, and outputs. But what’s a function, really? 

The official definition of a function is: 



A function is a relation Wliere one input results 
in a single outputTIt can te representect as an 
equation or as a set oi orcterect pairs, and lias 
botli a domain and a range. 


Wait. A what? A 
relation? What’s that? 


math has relations 


Algebra is really about relations 


A relation is the general way in which two sets of numbers go together, 
and they are usually represented as ordered pairs. The difference 
between a relation and an equation is that there does not need to be a 
pattern in a relation: it can be totally random. A relation does have a 
domain and a range, which you can determine directly from reading the 
ordered pairs. 

Let’s look at a simple relation that’s not based on an equation to get an 
idea of what we’re talking about: 


AU you need 
ior a relation 


is a set oi 
orcterect pairs. 


TWis is a vela-tio«- TV»e ( 
tuvW bv-atcs avc 

a 灼 d 如 e 灼 d o 七 


vclat»o^. 


(4,1),(4,-!), (2,0)} 



The domain av\d rahgc to 賊 -fvom 
ircadihg the poihis m the v-datioh. 


Domain: 


Range: 


{2,4} T^csc art just -tKc 

r i n i \ 4-^" Possible values "tKat 七心 

丄 ’ 丄 J vclatio^ tav\ -take o^. 


A function is just a specific type of relation. It’s a relation that has 
one output for one input. That means that the relation above 
is not a function^ because for the input 4, there are two possible 
outputs, 1, and -1. 


The x «lue is ih e i 呷吒 4 

心 {( l ， i)， (4 ，-#， (2 , 0)} 



Domi 

Rang 


VOT a function 


Thcvc avc b/o possible ou-tpu-b 
(or *tKc mpu 七午， 一 1 and I 


{2,4} 

{- 1 , 0 , 1 } 


r Sum it up 



Relation - A sc*t of ordered pairs 
y/i*th B domd'm BY\d B 
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A bunch of function terminology, in full costume, are playing a 
party game, “Who am I?” They’ll give you a clue — you try to 
guess who they are based on what they say. Assume they always 
tell the truth about themselves. Fill in the blanks to the right to 
identify the attendees. 

Tonight’s attendees: 

FUNCTION, DOMAIN, RANGE, RELATION, EQUATION, INPUT, 
OUTPUT, f(X) 







Name 


I’m the values that come out of a function. 


I can be an equation or a set of ordered pairs, but either 
way I’m fun! 


I represent minimum and maximum outputs of the function, 
but be careful, you can’t just use the lowest and highest 
inputs to get me! 


I might be a function, but I’m not as organized as an 
equation, I’m just a set of ordered pairs. 


I limit the inputs for the function. 


The easy way to tell if ordered pairs or an equation are a 
function is if you see me around ， I’m a dead giveaway. 


I might be a function, or I might not, but I define one or more 
variables in terms of numbers. 


I’m a value that goes into a function. 
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who am I solution 


A bunch of function terminology, in full costume, are playing a 
party game, “Who am I?” They’ll give you a clue — you try to 
guess who they are based on what they say. Assume they always 
tell the truth about themselves. Fill in the blanks to the right to 
identify the attendees. 

Tonight’s attendees: 

FUNCTION, DOMAIN, RANGE, RELATION, EQUATION, INPUT, 
OUTPUT, f(X) 


鹄 o 吻 p 

Solution 


Name 


I’m the values that come out of a function. 


Output 


I can be an equation or a set of ordered pairs, but either 
way I’m fun! 




I represent minimum and maximum outputs of the function, 
but be careful, you can’t just use the lowest and highest 
inputs to get me! 


I might be a function, but I’m not as organized as an 
equation, I’m just a set of ordered pairs. 


Relation 


I limit the inputs for the function. 


Porwa'm 


The easy way to tell if ordered pairs or an equation are a 
function is if you see me around ， I’m a dead giveaway. 


(U) 


I might be a function, or I might not, but I define one or more 
variables in terms of numbers. 




I’m a value that goes into a function. 


I 矜 put 
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Dumb Questions 


A function doesn’t have to be an 
equation? 

Nope. A function can be an equation, 
but it can also be a set of ordered pairs. In 
that case, the ordered pairs are going to 
be (input, output). Ordered pairs probably 
seem weird, but it’s much easier to figure 
out the domain and the range ■ it’s given! 
And remember, an equation for a line 
defines an infinite set of ordered pairs. 

Are range and domains given, or 
do I have to figure them out? 

It depends upon the situation. 
Sometimes the domain or the range will 
be given, sometimes it will be part of the 
problem statement (like ticket sales), and 
sometimes you'll need to figure it out. But 
more about that later. 

One input and one output... 
what’s the big deal about that? 

It means that in a function you won't 
get two f(x) values for one x, ever. 

Are all equations functions? 

Nope. That’s something that you’ll 
need to figure out soon enough, too. If an 
equation has multiple output values for one 
input, it’s not a function. It's still a perfectly 
good equation, though. 


The ordered pairs look a lot like 
ordered pairs for graphing. Is that a 
coincidence? 

No, you can graph functions just 
like you graph points or equations. We’re 
coming up on the details of how it works, 
but graphing helps out a lot with functions. 

Does the one input, one output 
thing mean that you can’t have the 
same f(x) value as an output for 
different inputs? 

You're saying, can you have a 
function like this f(x) = {(1,4), (-1,4)}? The 
function can have the same outputs for 
different inputs, that’s fine. You just can't 
go the other way... so {(1,4), (1,3)} is 
NOT a function. You can’t have different 
outputs for the same input. 

Is the maximum of the function 
the maximum of the range? 

Yes. But the tricky thing is you can't 
necessarily get those values from plugging 
in the low and high values for the domain 
to find the range. 

Why not? 

Because if your function has any 
kind of a curve in the middle of your 
domain limits, you may miss a maximum or 
a minimum for the function. 

For example, if the vertex of a parabola 
was between the two points for your 
domain, the maximum range for that 
function would be based on a value 
between your domain's limits, not at one 
extreme or the other. 


This function thing has a lot of 
rules... 

The definition of a function was 
created by mathematicians, to make sure 
everybody’s consistent with what they’re 
talking about. That’s important so that 
everyone gets the same results. 

Q/ Are all functions relations? 

Yes. Since functions have a domain 
and a range and represent a set of ordered 
pairs, they're a relation. 

It doesn’t work the other way, though. A 
relation does not have to have a one 
output to one input requirement, so it isn’t 
necessarily a function. 

Why would you use a relation? 

It's a math way to tie numbers 
together that may not have an easy 
pattern. Think about statistics; if you were 
keeping track of housing data, you'd just 
need an address and a price. It really 
wouldn’t matter what order they were in or 
how much they each cost. 


A : function is 
always a relation, 
tut relations 
are not always 
functions. 
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IM Chat: Understanding Relations 




2 

Jane 

m 

Kristina 

m 

Kristina 


I’m totally confused. What does a relation have to do with anything? 
/ We were working with functions, and then these things showed up. 


I Not really, they ve always been there 

I think I get relations. They are just any set of 
ordered pairs. Super general. 


Right. There’s all these rules about what makes up a function, 
but a relation just has to be any set of ordered pairs. 

\_ 

What about equations? That’s what we’ve 
been doing for ages, and now they’re gone. 


They re not gone! Remember, an equation is just a way to 
write an infinite number of ordered pairs. They have a pattern 


Oh! An equation is also a relation, right? 


Must be, because it's a group of ordered pairs, 
v_ 

Huh... but what about functions? Are they 
equations or not? 

_ / 

[They can be, but they don’t have to be. 


1 What?! ' 

1 



The definition of a function is a relation with one output for 

each input. That’s a set of ordered pairs that follow some rules. 

v._ : _ 

' ； \ 

Same deal as before, though, right? If an equation follows 

those same rules, one input to one output, it’s a function. 


HJ 




X 

John 

x 

John 

x 

John 


OK... I think I’m getting it now... 
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functions 


Relations, equations, a"d fowctiows 
all go TOfrETHER 

These three terms are just different ways to characterize a group 
of ordered pairs. That’s a lot to keep up with, so let’s take a step 
back and look at all three terms. How do they relate? How are 
they the same? When are they different? 

• Relations, linear equations, and functions are all sets of 
ordered pairs. 

An equation is just a set of (x,y) points if you graph it. The same is 
true for functions and relations, although the ordered pairs don’t have 
to connect for functions and relations. 

• Relations, linear equations, and functions all have a 
domain and a range. 

The domain is the valid input values, and the range is the valid 
output values. The domain and range may be infinite, but they 
always exist. 

◎ An equation in two variables MUST be a relation and 
MAY be a function. 

Since an equation is a list of an infinite number of points, that 
means all equations are relations. But functions still have that special 
one-input-to-one-output rule, something not required by equations. 
So not all equations are functions. 

O A function MUST be a relation and MAY be an equation. 

Functions are very specific. They have to be a set of ordered pairs, 
and that makes them a relation, too. But not all sets of ordered pairs 
can be expressed as an equation. 





Since some functions can be written as an 
equation, how do you think you work with 
functions? Can you graph them and solve them? 
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interview: function exposed 



The Function 

This week’s interview: 

How do you like to be treated? 


Head First： Hi function! We’ve been learning 
a lot about you lately. 

Function： Thanks, that’s very flattering. 

Head First: But what everyone wants to hear 
about you, is, how do people work with you? 

Just like a plain equation? 

Function： In some ways, yes. If I happen to 
also be an equation, you can solve me for values 
in the same way you do with an equation. 

Head First: So if we set f(x) = 0 that’s ok? 

Function: Yes. That way you can solve for the 
zeroes of the function. 

Head First： What about graphing? 

Function! Again, if I’m written as an equation 
with a domain and range, you can graph me in 
the much the same way as you would a regular 
equation. But you have to show the constraints 
on the graph. 

Head First: Oh, I see, so we should only graph 
the values where you’re valid, over your domain, 
for example. 


Function: Right. So if my domain goes from 
-1 to 10, then the graph for me should also only 
go from -1 to 10. 

Head First： So really, if you’re written as an 
equation, we can just treat you the same as 
equations? 

Function： Yes and no. You can, as long as 
whatever you’re doing is within my domain and 
range. Don’t go drawing a graph that goes too 
far, or solving me for values that aren’t in my 
domain. If you do that, it won’t work. 

Head First: So you’re more constrained than 
an equation? 

Function： Yes, but I prefer to call it realistic. 
The world has limits, and so do I. It means 
that with me, you can work with more realistic 
situations. 

Head First: Thanks. Now we have a much 
better idea of how to work with you... 


Constraints on : functions allow 
you to te more realistic in tke 
way matk represents tke world. 
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You can always graph a function. 

Not only that, but you know enough from 
graphing linear equations to know the 
general shape of most functions. You just 
have to show the domain and range on your 
graph in some way. 

Find the range for the Pajama Death revenue 
function by graphing the function. 



-200 


200 400 600 800 1000 1200 1400 1600 


functions 



/U) = 20,000 + 10(k 

0 < x < 1511 


2000 
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brain barbell: solution 



Find the range for the revenue function by 
reading it off the graph. 


f(x) S*top -the I'mc licv-c, a*t ^ — 1*511 v/i-tli a 

divtlc at "tliC cr\d "to vcpvcscr^-t a limit ) 


/U) = 20,000 + 10(k 
0 < x < 1511 

啪七 h a bit d/(x) = 10 (k + 2000 

-this is y \ o^i \ y \ tnc . 

-+ k -fov-mat b — Z0,000 



二 100 


Sihdc the stale o( -the yaph 
docs^t v-cally work y/i-th usmg 
the slope, we II heed ano-thev- 
fom 七 *to plot. TVy X 二 lOO, its 
wrthm the domain. 


/(100)=. 100(100).+ 20000. 

= 10000 + 20000 = 30000 
•■'WellpRttepoi^' '…… 
(10030.000).... . 


Range: 2-0000 ^1 


This is "the possible va^e o-f veveinue -fov ihe 
irwntiion, vead \righi o-f-f ihe ya 扑 . 



^Relax 


Don’t worry if your graph 
wasn’t perfect. 


Graphs aren’t always super-exact. Focus on 
getting the basic shape, and finding the points 
at the domain limits. 
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Fowctiow graphs have LIMITS 

The graph of a function doesn’t look that much different from the graph of an 
equation. You just have to represent the limits of the function on the graph. Even 
marking the endpoints of the domain with filled-in dots is familiar: we did that when 
we graphed inequalities. 

Just think of graphing a function as graphing an equation, with a twist. 

Graph the basic equation on a scale of f(x) vs. x scale. 

Just substitute the f(x) values for j; on a typical Cartesian plane, and 
go ahead and graph your function. So you’ll usually have an x axis, 
and an /^； axis. 




Look at the domain for the function and remove the 
graph outside of the domain. 

Erase, scratch out, don’t graph that part, but remove the pieces that 


don’t matter. 

This is ihe domaih. Just tut the 
gv-aph oil bc-Poirc O ahd I^H. 



< X < 


^ Draw the termination points. 

When you draw an inequality on the number line, the 
termination points are solid or empty circles, depending upon 
the inequality. Functions are the same way. 




Smte our o/rayb is 
ox- e<\«*al h> W 
bob values, we 

-two solid ?。.|也 


<&> Draw a solid point. 
< & > Draw an open circle 


^ ~"tKis \y\A\taits 七 ha 七 
® 七 he yafK mdludcs 

bou 打 dav*Y fom 七 

O TWis mdwtcs -tv>c 5 ocs 

^ up -to -tKc \)o^dar^ t bu-t docs ⑽七 
mdudc -tv>c bou^dav-y pom 七 


❹ Read all the values you need directly off the graph. 

Just like when you graphed a linear equation, now you can get 
any value you need. This includes the range, even when it’s not a 
linear equation. 
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BULLET POINTS 


Graphing functions is similar to 
graphing equations. 

To show the limits of a function, use 
a solid point for an “or equal to” 
inequality, and an open point for just 
a less than or greater than symbol. 


The best way to get the range of a 
function is to read it from a graph. 

To find the zeros of a function, set 
f(x) equal to 0. 


theretcire no 

Dumb Questions 


How can I figure out the domain of my function? 


It depends upon how the function is presented. If it's 
given as an equation in a problem, analyze the problem 
situation and see what limits there are. If the function is a set 


of ordered pairs, the domain can be read directly from the 
points presented. 


How do I find the range of my function? 


The best, easiest way is to graph the function and 
then read the range points off your graph. Why? Because if 


What’s the difference between the range and the 
maximum and minimum values? 

Good question. The range is all the f(x) values the 
equation can take on. The maximum and minimum values for 
the function are the boundary values... but just those values. 

How can you tell if an equation is a function? 

An equation is a function if and only if for each input 
there is a single output. That means for each x, there is only 
one f(x) value. If you think about it, there’s a way to see it on 


anything weird happens to the equation (or with the points) a graph, too... but more on that later, 
between the boundaries of the domain, you’ll see it. 


Can I just evaluate the function for the upper and 
lower values for the domain and get the range? 

Sometimes, but not always. This really only works if you 
have a line with a positive slope. If you have a quadratic, with 
the vertex between the boundary points, that won’t work at all. 
Unless you are positive that you know exactly what is going 
on with an equation or a relation presented, it’s best to graph 
your relation and then determine the range. 


Tke test way to iinct 
tke range oi a function 
is to react it oH a gfrapli. 
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exercise solution 


The parabolic mics that Pajama Death wants to buy conform to this equation: f(x) = -2x 2 + 12x ■ 
\ # c 9. The inputs start just above zero, and go through 5. They need to know the range of outputs 

tXQfvCt^Q for the mics so they can buy the right PA for their stage rig. 

©OtyitlOrt 

丁 h |S negative means the TW»s IS or\t ok ovaV- 

(pavabola is upside down. domain bowndanes 

./.(x).=7 ： .2x.2.*.12r-.9.-2(0). 2 .+. 12(0)-.9 

„ 〆 r 〆 This is "the doma'm: gveatev , Q 

0 <Jf - 5 «vo, up -fco ahd ihtLdiq 5. ^ = _ 9 
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Just before the second episode 
of Pajama Pcath TV... 



Q o O 


So is this a general admission 
seating thing? Or do we have to 
worry about assigning seats? 


Assigned seating SHOULD BE like a function! 

Assigned seating is really a lot like a function. There’s an input 
- the seat number - and an output - the customer ID who’s 
sitting in that seat. 


Take a look: 


Input (seat' s) 


Output (Customer c) 


sc at?^du6csaS|K^ 

C,us*towCV IP) m0，rC 


Seat 110 
Seat 112 
Seat 125 
Seat 110 
Seat 75 


75 
~>63 
^ 85 


~>40 
^ 56 


In a function, we can only have one f(x) for every x, and that’s 
what we want here. We don’t want any duplicate f(x) values, 
because that would mean two customer IDs are associated with 
the same seat. Not good! 



Jot down some ideas of how you could check to see if the relation 
between seats (s) and customer IDs (c) a function. 
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using graphs to test for functions 


Graphing reveals the nature of a relation 

The difference between having the seat assignments right and wrong is 
exactly the same as the difference between a relation and a function. If 
the seating assignments are one input to one output, then everybody has 
somewhere to go... and that’s a function. If not, there are going to be fist 
fights over a relation that should have been a function, but wasn’t! 

Let’s downshift and examine the difference in the graphs of two sets of 
ordered pairs; one that’s just a relation and one that is actually a function. 


Function , 0 灼 c 

{(l ， 2) ， (2,5) ， (-l ， -2)} 


Peir-fed-t. 


Just a relation 

{(1,2M2,5M1,4)} 




A vertical line is not a function! 

A function can’t have more than f(x) for any x. That’s 
like saying for a given x value, there can’t be two points 
lined up vertically: 



avc wult'flc •?(*), 

vaWes. So 恤 . 伽’七 a 


Function 

/U)={(1 ， 2) ， (2,5) ， (-1 ， -2)} 


Just a relation 

{(1,2), (2,5), (1,4)} 



402 


Chapter 10 







functions 


Fowctiows pass the vertical line test 

This whole “looking at the graph” thing is called the vertical line 
test. It’s based on the fact that if you have two points that are vertically 
stacked, anywhere on a graph, then that graph is NOT a function. 

So if a vertical line passes through two points on the graph, it’s NOT a 
function. That’s it. To test a graph, you can use a ruler, your eyeball, or 
run the edge of a piece of paper over the graph to see if it’s a function. 


Inputs (seat 
number, s) 


Seat 110 
Seat 112 
Seat 125 
Seat 110 
Seat 75 


Are the seat assignments a function? 

Outputs (Customer 
number, c) 


20 30 40 50 60 70 80 90 100 110 120 


If the seats aren’t a function, which seat needs to change to make it a function? 
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sharpen solution 


^Sharpen your pencil 
、 Solution 


Are the seat assignments a function? 


Inputs (seat Outputs (Customer 
number, s) number, c) 



If the seats aren’t a function, which seat needs to change to make it a function? 

Custorwcv 午 O heeds -to be vcassigr>cd *to a scat- Scat- IIO is already takers. 

This «relaiio M didh i Pass the wiital Le iest at s - IIO, so thats the s value iKai 
heed xo genev-ate di-rTCv-c^t t values. 
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BULLET POINTS 


■ A graph allows you to use the 
vertical line test and see if it’s a 
function. 


■ A graph shows the domain of a 
function or relation. 


■ A graph also shows the range of a 
function or relation. 

■ A graph can provide the zeroes of an 
equation or a function. 


therejcire no 

Dumb Questions 


So, should I always graph a function? 

It depends upon what you’re after. A graph of a function, 
equation, or relation, is the best way to visually look at the 
situation and it does give you valuable information, but there are 
some limits. 

You are limited to what you can actually read from the graph. If 
there are decimals involved, or the scale of your graph is large, it 
can be difficult to read values. 

Creating a graph takes time. If you are in a test situation and 
you’re only after a specific value, then just evaluate the function 
for your specific value, and move on. 

Can you really just treat functions like equations? 

It’s a really good starting point. If a function is represented 
as an equation, you can solve for the zeroes of the function, and 
then graph the function. 

The only things to watch are that you limit the graph properly 
(keeping the domain and range in mind) and substitute 0 for f(x). 


Is it always f(x)? Can it be, like, f(t) or something? 

Sure! It’s typically f(x), but that’s not required. The format 
is really what you’re looking for; it can be r(q) or g(t) too. r(q) 
indicates r is a function of q, for example. The axes on any graph 
will need to be adjusted, but other than that, everything else 
would be the same. 

Functions seem like more work than just equations. 
You’ve got to keep up with domains and ranges. So why are 
they so much better? 

Better is a pretty subjective word. The thing is, functions are 
just more realistic in most cases. The real world has limits, and 
with functions you can easily communicate what those limits are 
and see them on a graph. That’s a helpful thing. 
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VIPs mess up the numbers 


C What's going on? During the sound check 
( we had VIPs showing up with free tickets. 
q What's the deal with them? 

m 

The second show is st; 
free tickets? How does 

> IHt After running back to check the 

the contract that you (and Paja 

Apparently, the network can iss 

w\ ~~ 

J I Wkat ctoes tka 

W Pajama DeatV 


The second show is starting, and now there are 
free tickets? How does that change things? 

After running back to check the fine print, there was a clause in 
the contract that you (and Pajama Death) missed! 

Apparently, the network can issue 350 free tickets per show to 
VIPs. It makes the audience look cooler... or so they think. 

Wkat ctoes tkat mean for 
Pajama DeatVs income? 

The FIRST $50 tickets are always free! 

Wow, this complicates things. So now, there are still 1,511 possible 
seats. But for each show，the first 350 seats are given away, no charge 
(and no revenue for Pajama Death). Then, the rest of the seats are 
sold at the normal rate. So we’ve got something like this: 


1511 Seats 


per sWw，Ww 
mucli money will 
tWy nvaUe now? 


丁 his is -fihc — tKc domdih is 

still ih tcv-ms o( x, so ^ 


st.ll jzo, 000 

ad vcvcnuc 


still ih tcv-ms of x, so -the 
-fuhd-tioh is -fcoo 




/(x) = 20,000 + lODx 


二 ㈤ 0 9 這 

AO OVA-t, ^ ’ 


c haPter10 r 二二糾 oo0 


ADMIT 

ONE 


/xickets are ^lOO a 
l seat, tut tke first 

are FREE ) 

0 < j < 350 

For the seats,-therA 

⑽ v-evewe. So this don>a.r> ^ 
dhar.ys, ar>d so does the . 

■f ⑽ tti 伽 W that do»>am. 






functions 


J 20,000 

/(j) = 120,000 + 100(j- 350) 


Pot... what about the REST of the tickets? 


The tickets that are sold after the VIP’s are handled are still SI00 a piece. 

That means the equation is almost the same as before... but only after those 
first 350 tickets are gone. 

So that throws in a new wrinkle. Revenue is $100 per ticket, but only for 

tickets 351 and up. We’ve got to account for that: I 本、 的。士 ^ % - VVe Kavc "bo 

~tV>e ti^tkels, s'mte 

TWis is ^ x on mn , iaa ^ twTall 90 ^ ^ee nov/. 

old Ax) ^ 20,000 + IOOj ^^-~ / 

fix) = 20,000 + 100(^350) 

is ih. 

u P d^ d ； o 2 351 < x < 1511 

丁4 doma'm "too. This 

So now we’ve got two different functions, each with a separate equation whole e^aiioh OHU/ wovks -fov 

and domain. So how do we show that mathematically? 


"all ao *fov *fvec y \ o ^ i - 


351 < j < 1511 


Owe function, two parts s real life 

These functions can be treated together, as long as you keep track of 
zvhere things are happening. When you have a situation like this, 
where the function needs to have different values over different parts of 
the domain, is called a piecewise defined function. We show this as 
one big function, with different domains, like this: 


TK,s bvadke-t means tKa-t you 
do^s'idcv- -b^c c<\uatio^s 


ou have -to 


i-aeM doma'm -to i\\t 

e'ua 七 1 。於七 ^ domam applies -to- 



o- 1± 
5 5 
3 1 


o- 

5 

3 
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piecewise defined functions 


Use the fimeiiow piece you NEEP 

This is another case where it’s pretty important to keep in mind 
what your function represents. In the real world, you have to 
consider an entire situation, and with piecewise functions, the 
domain is the key. Since you have different equations applying to 
different inputs (in this case, x values), you just need to determine 
which equation applies to the situation you’re working on.. 


To evaluate a piecewise function 

What happens if you need to evaluate the function for a number? 

You just see what domain that number falls in, and use the matching 
equation to evaluate for that value. It goes like this: 

After you have a value to evaluate, 
determine where the value falls in your 
function's domain. 

Evaluate only the portion of the function 
that applies to the domain. 

Use the correct equation, evaluate, and use or plot your 
answer. Any other pieces of the function don } t apply\ 


o 

o 


^raph piecewise functions just like "normal" functions! 

Graphing is much like it was for regular functions. You just graph the 
equation that applies, over the domain where it applies. So you’ll have a 
different section of your graph for each piece of the function... and that’s 
okay. That’s why the function’s called piecewise in the first place. 

The conventions for the points at the end of the domain are the same: solid 
circles and open circles, depending on the type of inequality. 



BULLET POINTS 


Piecewise functions are just a series of functions 
grouped together. 

The domains typically don’t overlap. 

The graphing rules for functions don’t change. 


To evaluate a piecewise function, just determine 
the domain that applies and evaluate the portion 
of the function that applies. 

Piecewise functions allow you to express that 

different things are happening at different times. 
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Graph Pajama Death's revenue function. Show both sections of the domain in one graph to 
see the entire picture of what’s going on. The new graph will show you all the possible revenue 
values for each type of ticket sales. 



Th ert £h e seto^d 


180000 

160000 

140000 

120000 
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80000+ 
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40000+ 

20000 


f(x) 

< n < 950-V 
_ — ■ 


-Vy\ <, 1^11 
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'400 600 800 1000 1200 1400 


1600 
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exercise solution 


mM 


Graph Pajama Death's new function. Graph both sections of the domain in one graph to see the 
E%6Rci$6 entire picture of what’s going on. The new graph will show you all the possible revenue values 

§OLot；OH for each type of ticket sales. 故⑽ wse 如 bou.da.y iKjs o, e 

This part is just a stvaighi lihC^ because its I'mcav - i-f \i ^ ^ pavabola wc d Y\ttd 

r 20,000 ^ 0 < JC < 350 j PS 

f(x)= [20,000 + 100U — 350) 351 < x < 1511] 以狗）二 lOOWI) -l<5000 - ID\00 ( 洲， rO\QO) 


(U) - ZOOOO + lOOy. - l^OOO 


((NO - IOO(NI) -l<5000 - mOO 


(U) - 100%^ 15000 Si :pl|Py the exp 咖一扣 d 

. 9 et ^ easier ( 0 ^. 


iv>ioo) 


180000- 


160000- 


140000- 


120000 - 


100000 - 


80000 


60000 


40000- 


20000 — 


上 (x) I 

^o< %< 


-Vj \_< ^_< 1^11 


( ⑸ I, iy>ioo) 


K 

I 、心卜 y 
I 二 :。 1 ^ y 


The ^ivst is tV>e 

|. mc ⑹ 二 wooo. 

/ I 



\y{pfi\, ro\oc>) 


»00 '400 600 800 1000 1200 1400 


1600 
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functions 


The numbers arc iw". awd? 

The season has finished up and it’s time to figure out how much Pajama Death cleared. 
You need to go back and re-figure the first show revenue with the VIP tickets in mind, 
and then crunch the rest of the season numbers. 


REVENUE CONSTRUCTION 

Using the graph for the revenue, fill out the chart to find out if Pajama Death made enough 
money to go shopping! 



1 



Is it enough for the 
new equipment, | 

costing $52,375? 

I 

\ns i\0 

I 

I 


L 
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revenue construction solution 


r 


RKVKiXIJK CONSTRIJCTIOiX SOLUTION 


Using the graph for the revenue, fill out the chart to find out if Pajama Death made enough 
money to go shopping! 


Is 


SV>o>/ Numbcv* 


"fo-tal Revenue 

Pajama Pca-t^s 

1 

Ml 

VI, 100 

\M^ 

z 

m 

10,000 

1000 


19°I 

kl,°!00 

i\r> 

午 

贤 

91,^00 

十 IZO 


IZ 午各 

\0%b00 

5 十 00 

b 

123 午 

100,^00 

5 午 zo 

1 

TO 

B 午加 0 


e 

1 午 I2_ 

Hb.lOO 

bilo 


m 

\1>\,\00 


10 

1511 

lib,100 


II 


_k_ 

i>l^ 

Wo^rlrV ii* Xl.. ) 

f’ 5 十 , 010 


3UxaC 产，。 你〜 


3 , 〜上 



Is it enough for the 
new equipment at 
$52,375? 


^s) 


i\0 


又 Total Pajama 

Pca-tV^ 
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Pajama death's show was a hit! 


The show got way more popular and Pajama Death made enough money to 
buy everything they wanted. 

Now they’re going to make that new album and play huge concerts, all 
thanks to you! Now that you helped them understand how much money they 
can make, they might take this music thing seriously! 


Hey, thanks a million. 

Couldn't have done it without 
you, so we wrote you a song. 
It’s called... 




piecewise exercise 



Exercise 


Look at the piecewise function and graph it to determine the range. 


Use ihis spate ^ov wylc: 


'2x 2 + 8x - 1 
f(x) = \ X 



- 5 < x < 0 
0 <jc< 3 

3<jc < 8 
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functions 


10 

； f(x) 

9 

- 

8 

- 

7- 
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6 

- 

5 

- 

4- 
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3 
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■ i i i i i i i i ■ 
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1 1 1 1 1 1 1 1 1 1 k 

1 1 ! 1 1 ! 1 1 1 1 
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-5 
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-7- 

- 

-8 _ 

- 

-9 

- 

-10 
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Range: 
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long exercise 



Exercise 

tov§OLytlOH 


Look at the piecewise function and graph it to determine the range. 


'2a ： 2 + 8 a: - 1 

/w = r 



- 5 < x < 0 
0<x<3 

3<x < 8 


S'mdc boundaries c^f domain art 

.awd.lcft.oi- .the. . 

well use -fov pomts Isr— ( 一 弓 勺） 

(U) -z^ + 0>c-i - zc^) 1 + e(^) - 丨二， 


vcv-tc% ^ — Za —Z ( 2 J 


s«bst.U^ ^ _ z( __ z)i + 0( _ 公一 



((o)- Koy + 0(o) — I 
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vcv-tcy. (- Z, 

T\ic se^ohd pi etc o( -t^c -fu^t-tioh is a Imeav 
e^uaticm, so just usmj -t^c bou^davy pomis is -f mc 
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((o') - 0 ^~ (0)0) 
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math crossword 



Bmetioncross 

Get your right brain functioning. It’s your standard, 
crossword; all of the solution words are from this chapter. 



Across 

6. The definition of a function is one input equals one unique 

7. An equation is a_ 

8. A function is a_ 

9. The limit on the inputs of a function is the 


Down 

1. The top of the range is the_ 

2. A relation is any set of_ 

3. A function does not have to be, but can be, an 


4. The limit on the outputs on a function is the 

5. A way to limit an equation is to write a_ 
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Tools for your Algebra Toolbox 


CHAPTER© 
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math crossword solution 



Fimctioncross Solution 


2 0 A 



\\T\ l r 1 1 I o |THEi !¥{■■m 
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11 real-world algebra 

w 

M ： 

Solve the world’s problems ♦ 

奏 



So I factored in how 

much you loved me, solved for the price of 
this car, and you' re right... you' re definitely 
the man for me. Let's get commutative! 


The world's got big problems... you've got big answers. 

Hundreds of pages of math, and what do you really have? A bunch of x's and ys, 
a's and b's? Nope... you've got skills to solve for an unknown, even in the most 
difficult situations. So what's that good for? Well, in this chapter, it's all about the 
real world: you're going to use your Algebra skills to solve some real problems. 
By the time you're done, you'll have won friends, influenced people, and saved 
yourself a whole bucket full of cash. Interested? Let's get started. 
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buying a car with algebra 



I’ve got some money saved up, and 
I’m going to get a great job when I 
graduate in 9 months. I definitely need 
some wheels... I just need a good loan and 
some financing terms I can handle. 


Financing? My friend, you've come 
to the right place. Now look what can I do 
to get you in this car, today? I've got no¬ 
interest, low-interest, long-term... you name 
it, we can make it happen. Budget? No worries, 
we'll get you way more car than you thought 
you could afford. 







\s 




1 a 






i 


1 










salesman? feetW 一。《七 
•fov • 


Th , e ob i e r £ i /Wax^s 
fl^ooo sfo<ris cav. 


real-world algebra 
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parpen your pencil 


Max has a lot to think about to get into the car of his dreams. Here 
are just a few of the pieces of paperwork Max has to consider... write 
down a few details to get Max started. 


What are the algebraic unknowns you’ll need to deal with? 


What kinds of things are going to affect the costs of Max's car? (What are things going to be "in terms of"?) 














what goes into a car payment? 

r ^Jharpen your pencil 
Solution 


Your job was to write down some of the things Max has to think 
about when it comes to buying a car. Here's what we wrote down... 


What are the algebraic unknowns you’ll need to deal with? h^y?. .t?. 

£；ay lodh v-a-tcs, hoy/ rwutli nf>or\cy /Vlay: pu*t doyjY\, a^d hoy/ lie war\ts t?. !?• 々 *?.9T... 

What kinds of things are going to control the costs? (What are things going to be "in terms of’’?) 

SorwC cJc "the tosts y/ilj depend oy\ hoy/ mut)} the ('msuira^^C, }\oyj rwutli he pays m m-tcrcsit oy\ *t)iC loah, 

ar>d some tost v/ill depend oy\ tirwc, like hov/1。% lie takes his loar\ *fo\r, a^d hov/ -fast lie pay of-f. 


r 

IM Chat: Car Payments 



園 

Kristina 

2 


m 

Kristina 

園 

Kristina 

mi] 


There are a lot of things that go into buying a car, but most 
of these depend on how much the car costs, right? 

___y 

r Yeah, and that’s going to depend on how much of a down payment j 
Max can put together. Most dealerships require at least $1000. 

f And don’t forget that Max has 9 months of school left before he even gets a job! j 

Hmm, that’s tough. Since he doesn’t have a job, his down 

payment and monthly payments have to come from savings, 
v_ _ _ 

That’s right. Ok, so his savings has to be 9 months times whatever his monthly 
payment is, plus his down payment. We can write that as an equation like this: 
savings = down payment + 9 (monthly payment) 

〆 Then we just solve for the monthly payment_ 

Well, it’s tricker than that. The dealership says we have to have at least $1000 down, 
and the payments obviously can’t be negative. So it’s not just a simple equation. 

^ N 

Hmm... if we need to limit the values that work, we need 
to use a function, right?_^ 

/ - ； 

Yeah. We have to write this as a function and limit the domain and range. 

V._ 

I Oh wait! If we have it as a function, then we can graph it, right? ) 


Yup! And that will show us down payments versus monthly payments. 


,rr 

John 

~w 


□ 


John 

John 


That’ll be really helpful. Let’s do it... 
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sharpen solution 


^Sharpen your pencil 
Solution 


f 1^00 Call iKis d(m). Call ihis 

^ 、 \ 

、 savings balance = down payment + 9(montly pament)^r 

1^00 — 4(m) + - - VVc wdn'b d^w») m -tcirnns o^c nnon'tKs! so lets isold'te d(w») 

and 4.V>'mk in o( tlr>e down payment 

- isdo + y(oo - dU) 二 ， u) -Hoo 

.Z to il.aUo s^att'% to ^', sVdes '. 

^ -1(- dU) - UllOO + °IU -I L ‘) W 如冰 狄一 a?? 

/VM^lyby-lio.. 

rwakc positive. d(rw) — 11>00 - 


Write Max’s equation as a function, find the domain and the range, and graph it. 
Using that information, how much can he afford per month for this car? 

^11 ihis 



TWis »s the b 
possible mov\' 
^ oV 


50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 
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real-world algebra 


I 

Jane 

I 




IM Chat: Principle and Interest 

f Nice! So $700 a month for payments. We can work with that. J 

； N 

Oh, wait. We forgot about car insurance. He’s required to have that. I made a 
few calls. We should assume $150 a month. If we subtract $150 a month from his 

$700 payment, that means he can actually afford $550 a month in payments. 、 

\___ 

That's still pretty good. Hello, new wheels, j 

Whoa, hang on. We haven't talked about interest yet. We know 
what Max can pay each month, but not all that money goes to his 
car... he's got to pay a bank interest to borrow money. 

- -- 

That’s right. Banks charge interest on the principle — how much 
you borrow. So Max can pay $550 a month, but it's not all actually 
paying for his car, right? 

_ / 

/ 

Right, so $550 is spread out over interest and the principle. We 
need to figure out what kind of loan he can work with. Some of these 
questionable dealers are charging ridiculous interest rates. 

V._ 

/■ \ 

So we need to worry about that loan. The total loan is going to be the 

principle he borrows plus the interest they charge him. Something like this: 

) principle + interest = total loan 

_y 

广 ' 

Ok, and from Max’s perspective, he needs to pay it off by the monthly 
payments times the number of payments he’s going to make, like this: 

total loan = monthly payment x number of payments 


m 

Kristina 

x 


x 

: 


□ 




Exactly, so let's figure out what Max can afford... 



Combine the two equations from the guys' IM chat to get one 
equation that allows us to solve for Max's monthly payment. 
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accounting for interest 



Combine the two equations form the guys' IM chat on page 427 to get 
one equation that allows you to solve for Max's monthly payment. 

—aW 1. ― 2 

Pv'mtiplc + l^-tcvcst - Total Loa^ To "t^ Loa 二 /VIoirWy Paywivb 决 Number o( Payr»>e»vb 

^ Pv'mtiplc + livteves 七二 Mor>tlily Payrwc^-ts ^ Nurwbcv of Payrwchts 

) …:㈣• 於…乙卜卜 一 

Xatlt . “ 々，山 . 〜士巧 ― bie 

(Pvi^iple \ Ihieirest ) 二 /Vlo^ly 心 、TWis is v/Ka-t >/c v/a^-t - 

Nurwbcv- of payr»>cr\"ts payrwcr>'t /Vja^s mo^-b^lY 



PcWmmcdi by {\\t 七 erm 
Jc i\\t lod^ Max. looses 
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Max's dream car costs $25,000. 

We can fill in the things we know and then 
solve for the rest. We know that Max can 
afford S550 in a monthly payment, and that 
the principle of the car he wants is 沾 24.000 .+ 、 
With interest rates and terms, we should be 
able to fill in the rest of that equation, too. 


Rcmcmbcv, "biic CBr 
dos-b jTJyfiOO, but 
Ma% is putt •… 3 flOOO 
So 七 ha 七 leaves 
>0 -bo bov-v-ov/. 


doY/Y\- So 
jl^OOC 









real-world algebra 


Calculate interest from your interest rate 
and the principle amount you're borrowing 

We know what terms the bank offers: 3 years (36 months), 4 years (48 months), 
and 5 years (60 months). And we know the interest rates from each of those 
terms. What we need for our equation, though, is the amount of interest. So 
how can we get that? 

Well, you can Google ’’simple interest，’’ but we’ve done that for you. Here's an 
equation to give you the interest based on a term and principle: 


I -to-tal m 七 cvest. 

^° ulook upasi r le 

you will f \y, d ^ 

|ik c ihis. 


(h-teves-t vatc, as 
^ 3 decimal 


*/_ = (，• Bo) 


TWis means s.mflc m 七饮 CS 七一 ) 

also dompou^d m 七 c^rcst bu 七 you do 的 t 
^ecd "to Y/ovvy akou*t 


I 灼 rbal amoujvt bovv-ov/cd, 

■tKc 


The bank offers three different terms, and the interest will be different for each 
term. So we need to figure out the total interest for each term, and then plug that 
back into our original equation to get Max’s monthly payment: 



(r* Bo) n 


(Principle+ Interest) 
Number of payments 


Monthly 

payment 


(^terpen your pencil 


Figure out the interest for the first option: 3 years at 3.0% interest. 


Isimp = (r> Bo) n 

Limp = ( • 24000) 


^Va-tdh -that youir «umbe« aire i n the v-ight -fov-m 
(decimal -rovm o\ tKc pcvdcht). 
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recalculate the payments 


^Sharpen your pencil 
Solution 


^ bolution Figure out the interest for the first option: 3 years at 3.0% interest. 

、 l.O°/o is O.Ol ift decimal -fovm. ., 

/_ = (r • - 

I simp = ( 0.09.24000) s ... ^ 000 ,1000 aow, ? ar^ 

I - mon 




Now SUgSTlTUTE to figure out Max's monthly payment 

Now that we know the total amount of interest in the first option, we can 
figure out the monthly payment for Max’s dream car on a 3-year term: 


I^Iovj vjc k^ov/ 七 Wis 、 


1^,000 


^»ncmle + Interest) = Monthly 
Number of payment^ payment 


VVe should be able -to 
lW»s o«*t «ow. 


' c , , . yea« i lrnes ii months a y ea *-. 

TWts is -t^e a^owm-t o\ tfltal 
m-teves-t ea—. *- 

(24,000 + 2,160) = 726 67 > j^o 
3 . 12 少 ’ 


TWts is -t^e 
一，一 fov- o?ho^ 


This is what /Wax 
亡扣 a-ffov-d 



430 Chapter 11 







real-world algebra 


Figure out if Max can afford either of the other two loan options, 
the 4-year term or the 5-year term. 


Option #2: 4 years at 3.5% interest 


Option #3: 5 years at 4.0% interest 


(^terpen your pencil 
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sharpen solution 


(^terpen your pencil 


Your job was to figure out if Max can afford a 4-year or 5-year 
loan term. 

Substi-tutioh bddk ih-fco the 
c<\uatioh i\)ai you dvca-tcd edv-liev 


Option #2: 4 years at 3.5% interest 



This is the "to-fcal ihtev-est -to be 
paid OVCIT the li-fc o-f -the lo3h 


Option #3: 5 years at 4.0% interest 



This monthly payment is still -too mudh 

Hcv*c s "that "the o^c y/ovks^ 

y/i// 

，午午 0 公々， 〜 

(z 千 ,ooo + 午， 000) „ 

二午 00 


1^90 < 1^0 

Uyst loa«. Hell ^ ^ > lG 
Irf 七 ovcv w 。 於七 Vv 


〜 - 

What is the real price of the car when you include interest for the different loans? 
What if Max could make a larger down payment? What if he waited until closer 
to graduation so he could pay more per month when he gets his job? 
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tliereicire ] 

Dumb c; 


Why is the interest equation so complicated? 

The equation that we’re using for interest is a standard 
equation for figuring out simple interest. It's actually not that 
complicated, although the unusual letters and terms do make it look a 
bit trickier at first glance. 

How does that interest equation really work? 

This equation: Isimp = {r • B 0 )n 
is actually fairly simple. It states that the total interest of the loan is 
the interest rate times the amount borrowed, multiplied by the time 
the money is borrowed over. 

The lesson here? Two things really drive up the cost of a loan: how 
much your interest rate is, and how long you borrow the money for. 


BULLET POINTS 


■ In the real world, equations often 
need to be limited and turned into 

functions. 

■ Calculating interest is just solving an 
equation for an unknown. 



I can afford 
year loan. Th< 


Now I can 


real-world algebra 


uesti9ns 

When I figured out the interest, it was more for the five 
year loan, but the monthly payment was lower. Why is that? 

With the way the loan works, the time factor is a bigger 
influence than the interest rate. Adding a year onto the loan adds 12 
more payments. So there's a lot more interest, but it's spread out 
over 12 extra months. The end result is a smaller monthly payment. 
It’s worth noting in the long term, a longer loan will make the car cost 
quite a bit more. A shorter loan would mean less interest and would 
cost Max less overall. Shorter is better, if you can afford it. 


■ The interest equation states that the 
length of a loan and the interest 
rate affect the monthly payment. 


■ Car insurance is a constant, not a 
variable. It's a fixed amount. 


mind the gap 


Max doesn't oww that car just yet... 

Max is ready to go. He can afford a $ 1,000 down payment, and the 
monthly payments on a $24,000 loan if he pays the loan back over five 
years at an interest rate of 4%. He can even still cover insurance! 

But now there's something else to consider... 



Going with bank financing over my terms? ^ — 

Whatever. But, buddy, what about gap 
insurance? You need that, you know? Oh man, you 
never heard of gap insurance? You don’t want 
your lovely new car to look like this, right? 


434 Chapter 11 





real-world algebra 


IM Chat: Cars Depreciate 






m 


圜 


This guy gives me the heebee-jeebees. What’s this 
gap insurance he’s talking about? 



Well, you know how cars depreciate right away? The 
problem is that cars depreciate really quickly at the 
beginning and end up being worth less than you owe 


Wow, seriously? So Max could end up owing the bank more money? 


Well, Max won't really end up owing more, his car is just worth a lot less. 

It works like this: say he borrows the $28,800 that he needs to buy the car 
($24,000 plus interest). Well, as soon as he drives off the lot, the car is 

worth about $20,000 because of depreciation. 

V.___ 

So if he’s in an accident on his way home from the dealer, 
then he gets $20,000 back from the insurance company, since 
that’s what his car’s worth. But he'll still owe the bank the entire 
$28,800? That seems pretty unfair... 

___y 

Wow, he’d still owe the bank $8,800 and 
not have a car anymore? 


Exactly. So, what this "salesman" is trying to sell is 
called gap insurance. It covers the gap between what a 
car is worth and what is still owed to the bank. 



x 


But that's one more thing to pay for, isn't 
it? Can Max even afford that? Is it worth it? 


3 ° 


k&J 

Jane 


We’ll need to run some numbers to figure it out... 
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calculate what the car is worth 






Bank Balance 


2008 Car - current 
depreciated value 


owes v — I 

— i^ 900 m 加七 


ibc\>^i^' 000 



0,000 oue he drives ，i 
°++ ihe lot 


depreciation is a sad fact of life 

Things get old fast... especially cars. Tires, brakes, fluids, and wear on 
the engine happen every mile that you drive. That’s why used cars are 
less expensive than new cars. 

Depreciation is the term that is used to describe exactly how much 
value a car has lost. The depreciated value is the value of the car 
minus the depreciation. In other words, it’s what the car is worth at a 
particular moment in time. 

Unfortunately, cars lose about 20% of their value as soon as you drive 
them off the lot. Then they lose their remaining value over about 10 
years, at which point they’re basically worthless. 

Put the bank still gets their money 

The value of the car, then, is actually dropping faster than you’re 
paying the bank. So there's a gap between what you owe the bank, and 
what your car is worth: 


Y°^ drnouh-t owed 
9 ocs dowh si a 
•fixed \rsie 3s 

pay ih c bahk 


TW.s-.sa 



]\T S a 9 a P- ^ 

y 

da ^/alu e a ，d 
owc ^ Uk. 


Youv tav »ASVAall7 
Y/or*tV^ less 七 

>you atWb/ 0 从， 

七 hou^Vv 
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E^e(u：\Se 


You need to figure out some functions to model the gap. Write a function for Max’s loan balance, 
and the piecewise function for depreciation. Don’t forget your domains! ^ 

--- TKcsc should bo*bK be 

v(-b), values related "to time. 


Loan Balance: 


Domain: 


■ Assume tV>e tav de^v-etiaies 
evenly ovcv* \0 *fo' r 

-tV>a*t -f ivs-t 2.0% dvop. — . 

i 2 . 

Depreciated Car Value: 


Domain: 
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exercise solution 


You need to figure out some functions to model the gap. Write a function for Max’s loan balance, 
and the piecewise function for depreciation. Don’t forget your domains! 

■ 一 

J ^0 a -times -t, -tKc 

Loan Balance: v ( 七）二 2-WOO - 午 00 七 ^umkcv o-f mo»vtV\s. 

*^s T^is y^umbev is "total tos*t o-f "bKc 灼： 

py-'mdiplc plus 仏 e m-bev-est v/c -f i^uved out cavlicv-. 

Domain: O ^ -t ^ 

丁 domain -folr this siairis y/heh /V]ax 

buys his dav, goes *fov 厶 O mo»vths (-five 
ycairs), -the tcirm o( his \oav\. 

p\ctc oY\t o\ TKc mitial value 

如 \ / less 如岭必如 ' TW|Sis 如 ％ 七 al 

Depreciated Car Value: 〜丄 S v(*t) 二 2-^000 - O.XCX^OOO)^ tav value, times 七 

/ TKis is o^ly "brue 

(v(t) - 1^000 - ^OOOi 0<i<l ^ 卜 士 “ fjysf 她仏 

-two O-f Tpivs-b, jpiauve out v/Kat "t^c tav is pede I O? ttc 

■the 4^-tioh ^ v/or-b^ a-ftcr -t^c mitial drop. 、^二 - 0.1(1^000) - 10000 

^ rnilial value - - n , k^ow the cars 9 oih 9 h> dvo P 

( - ^ V(t ) 二 10000 - (lOOOO)i 10 ycavs. Average that out as 

'^fhisW^llihev^^^ta,.& ：： ^7ito%j^y^： av : 0( i. 

ovev iin>e, jw 七 (oti> I- v ⑷二 2.0000 - ⑽ 七 、 pivide by IZ io gei a 

ycav-fy v-atc \x> 3 mo^ttly v-Sfe- 

Domain: Z < i < i>0 Jj；' ,s is r ^ ^ ^ 

.ri^' ot' tKc' lodh ： . 厶 O. WontKs.. 


Domain: 


Z<i<i>0 


Put it all together, and here is the total gap situation: 


v(t) = { 


25000 - 5000? 0 < f < 1 
20000 - 166t 1 < ? < 60 j 


» WS of e< \ u 3 -tioftS ahd systems 
° + -ruhdtiohs cav\ be hdhdled 
exactly -fchc y/3y. 


v(t) = 28800 - 480, 0 < t < 60 


It’s a system oi 

equations! Junctions 

so ； i' s koik 
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graph it solution 
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real-world algebra 


Hey, enough with the fancy numbers. 

You know I wouldn't steer you wrong. Let 
me just get you to sign right here next to 
Option 2, and you wont have to worry your 
pretty head about this gap business... 


Gap Insurance 


_ Terns and Premiums 


This insurance wui^v. 

the time of an accident 


will cover any gap that exists; 


Option 

18m onth S of coverage® $20 permonth 



i 7 


Option 


3 years 


Of coverage® $60 per 


month 


Wkat skoulct Max do? Sltoulct lie tuy gap 
insurance? H so, wkicli option is tetter? 
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pick the right coverage 


You don't need to MJESS with Algebra 


Max definitely needs some type of gap insurance to cover him while 
his car is worth less than he owes. But which option? 1 or 2? 

Between the graph, the functions, and your mad Algebra skills, 
you can figure this out. You need to determine Max’s maximum 
potential risk at any time, and how much the different gap insurance 
options cost. You also need to think about his monthly budget and 
the overall cost of each gap insurance option. 

... but remember to keep the context of 
the problem m mihd 

First, we need to know how much Max can afford in 
additional premiums on top of his car payment and 
existing insurance. But that’s not the only thing Max 
needs to worry about. 

Here’s what we need to do: 


Gap Insi 


surance - Terms and Pt 

any gap ^ exists at 

Option #1 

18 m ° nths of average @ $20 per month 

Option #2 

3 years of* coverage @ S60per month 


cmiums 



Figure out what Max can afford. 

Determine Max’s leftover balance from his initial purchase and 
make sure he can afford either premium for gap insurance. 


❺ Evaluate Option #1 • 

Figure out the worst case gap over the first 18 months (that’s Max’s 
risk), and the total premium that he’ll pay for this option's coverage. 


❺ Evaluate option #2. 

Figure out the worst case between 18 months and 3 years (that’s 
the additional risk that would be covered with option 2), and the 
total in premiums he’d pay over three years for option 2. 

❹ Pick the wisest option. 

Using the new information and the graph of the gap, what’s the 
smart plan? Which option should Max choose? 
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^terpen your pencil 


Use this space to figure out Max’s gap problem. 


Figure out what Max can afford. 


Evaluate Option ; 


Evaluate option #2. 
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sharpen solution 


^Jharpen your pencil 
Solution 


Your job was to choose the smartest insurance for Max. 


Find out what Max can afford. 

VVe 如 ou 七叫 featk 

. 

3 1 。办 . 


O 


Evaluate Option #1. 



l*t v/ov*ksf May. a-f-ford 

\\\s lowest 

\oav\ av\d ^avi^f70J»)-f-tovc\r.. 


The y/ors-t jap \t\ "the -first IG rwoivtlis 乙 omes a 七七 he mitial dip - i 七 looks like abou 七 ^,000. 

^ihly FV ew>i 咖 

... fre^.p.a^.iefio) r..i}. h P..^:. ToU J. .?r—.r s .Ma“um .visk. { 二 ^7 


The ^VCrwiurw is fZO d rwor»"tli, ^M\CM Ms% C3r\ dc-f'mi"tcly 3-f-fovd. 
So, •for f^O, Ala^. dovevs a mdWimum possible visk of f 纪 OOO. 


Evaluate option #2. The worst jap between 10 moivths a 灼 d 3 years is about fZOOO. 

Mo^S Mo^ly P^ Cniiuni T ， „ ’ 、 

、'冬 ^ I {he ovcir^ll Hsk is c4-i|l 

." ： s .f. a '! d . . 二 二 . J.V. h P ...^：.Total o ? tio« r . f.SPPOin.-thtfi« <w . mowth . s 

， .. f u-t ^ he 广 — h <yt ioveved 

The pvcrwiurw is s ,^0 d rwotvth, so Ma% a-r-rovd "that "too- by optioh / is f2.000, 扣 ouhd 

. ^ihrG^rj ： . 

For a "total of fZI t>0, May. would dovcv same jeooo risk as 

oftior> I, bu*t he’d also dovcv- d visk of fZOOO 七 ha 七 would oCC\AY a-ftev Oftiem I’s y\^Y\ c^j>i\rcd 


Pick! Option is y\o{, v/or-tli i*t| Max. would liavc "to pay ovcv fl 午午 O wbra (option Z tost - option I 
tost) "to dovcv 3r> additicmal risk of f2-000. So his c^c-tva pvcrwiurws c^d up ohly poteivtially sav'm^ 
W\n\ s ,^>00\ Bebher b> take option I a^d drive tavc-fully a\rour>d rwo^-tli I 6 } a^d %0\ 
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real-world algebra 




Option 4 ^ 2 - 
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take a victory lap 


Max plans to pay you to be his 
iimmldi planner 

Max is thrilled you saved him so much money and still managed 
to get him into the car of his dreams. He’s even promised to keep 
using you for all his financial decisions.... and tell his friends! 

To get here, you used a lot of advanced Algebra skills: 



Expressing equations in terms of variables 
Using functions with domain and range restrictions 
Graphing functions and reading results 
Solving systems of equations and functions 
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I'm out of here in my new car! I’m protected 
from an early accident, and I can make my 
payments, no problem. You totally rule! 



Open for business! 

Since your success with Max, there's a 
whole line of people just waiting to pay 
you for financial advice. Better open an 
office... and use some Algebra to plan 
your own financial future! 



real-world algebra 



Wr^upcross 


You did it, you made it through, the whole book! But 
don't relax just yet, there's a crossword to do first... 



Across 

3. Legal inputs to a function are the function's 

6. A car loses its value when it leaves the dealer because of 

7. The legal outputs from a function is the 

8. You should always drive 

9. Always evaluate the solution in the_of the 

problem. 


Down 

1. Using more than one function with the same variable is 

solving a_of functions. 

2. To use Algebra to solve real world problems you need to look 
for 

4. Represents a comparison between values rather than 
equality 

5. The difference between what a vehicle is worth and how 
much is still owed on a loan. 


you are here ► 


447 










wrapupcross solution 


Wr^upcross Solution 
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appendix i ： le?t9V©rs 

餐 The Top Five 

didn 







You’ve learned a lot in this book, but Algebra has 
even more to offer. Don’t worry, we’re almost done! Before we go, 
there are a just few gaps we want to fill in. Then you’ll be onto Algebra 2, 
and that’s a whole additional book... 
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negative exponents 


Negative Expowewfs 


We touched on them in chapter 3, but as a quick refresher, here’s what a negative 
exponent looks like: 



Combine that rule with multiplying exponential terms, and you can divide exponential 
terms too, like this: 



What’s going on here? It’s really a matter of cancelling things out... here’s a simple 
example, where you can see the cancelling in action: 


p\stv*»bvA*t m 5 


r 






2)~2^ 


Sihde both appvoadhcs avc both 
valid ； -the ave -tKc same. 


-Sit：- 


2 2 

r 


2 


2-4 


2 



A negative exponent means that you divide one by the exponential term, with its exponent stripped 
of its negative sign. Negative exponents are a great way to get rid of fractions. Any fraction can be 
rewritten as a negative exponent, and you can work with it the same way you would work with any 
other exponent. 


Negative 
exponents 
mean you can 
g[et rict oi 
fractions. 


Take *tW»S 
七 evw … 


In general: X~ l 


_ •••dhd ptrfc 

a ii as a 

wi-thou-t -the 
negative si^h. 
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leftovers 


Working with negative exponents 

The only difference in working with negative exponential terms 
and regular exponential terms is keeping track of the sign. 



Take -this one -fov* c%arv>|>le. 


t a >r b 二 >c a+(_b) 


|"t’s -tKc same 
•bWm% just 

-tKc s ， s! 


Just do the same thing for any other operation 
as it comes up. 


Negative 轉 owewts also give you flexibility 


If you come across an exponential term in a denominator, you can write it as a negative exponent and 
remove the fraction. Then you can manipulate the equation the way you want to. 

For example: n 

5 + ^(jc3)-5 + 6jc- 2 (jc 3 ) 

f\ 

TKcsc av-c 

-tKc same c%pv-css'iov>. 
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table of values 


Tabic of values for graphing 

We mentioned them a couple of times, and even showed one, but what exactly is 
a table of values? 

A table of values is a table that is set up with both of the variables that are 
in an equation and allows you to easily keep track of the results for different 
substitutions. It’s another way to keep track of points for graphing. For lines, it’s 
not typically necessary because you only need two points, but for other shapes... 
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leftovers 


Absolute value equations 

You’ve learned a lot about how to manipulate and solve equations, but we didn’t get to cover 
how you handle an equation when there’s an absolute value in there. 

You know how to handle the absolute value of a number, but what if you have a variable 
inside the absolute value signs that you want to isolate? When you have an equation with an 
absolute value, even though there is only one unknown, there are two solutions. 


Tbs must fee w tetav.se 

W 如？七 & ■广 ” 

s ' ， w . 办如 absolve vaU- 


J1 

II 


戈 1 


77 

IT 

7 = 


|x| 


x = 1 or x =- 7 


What happens if there’s more than one term inside the absolute value signs? If that 
happens, you have to treat the whole quantity inside the absolute value as an unknown, 
and isolate it before you can do anything else. 


you Kavc -to -tv-ca-t 
\ + V pav-t as 

uv>k 灼 isolate »"t- 



x + 31 ^ = 0 +Z 
x + 3| = 2 


Now this is where it gets weird. Remember the absolute value signs mean that the absolute 
value of whatever is in between them is equal to 2. That means whatever is inside those 
bars could be 2 or -2! 

|x + 3| = 2 


x + 3 = 2 
x + 3 = 2 


x+3=-2 

x+3=-2 


x : 


or 


To remove an absolute value, you neect to isolate it, 
and tken solve wliatever s left using an option for 
totk signs. It means you kave to solve it twice. 
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less calculator, more practice 


H Calculators 

Generally, the work in this book can be completed by hand (if you have enough paper). If you 
used a calculator, it didn’t need to be anything past a basic calculator with exponents. 

There are a lot of calculators out there that can graph, solve equations, and plug and chug the 
quadratic formula for you. For now: 


Don’t use a calculator to solve your ecjuations! 


The point of this book and the material in it is to learn how to manipulate the first level of 
equations while understanding what is going on. If you simply plug things into a calculator, 
what you’ve really understood is how to work your calculator! 


As you progress iw math, you'll weed 
to use technology wore - but wot yet! 


More practice, especially for factoring 

The best way to get good at all of this work is to practice it more. Working through the 
exercises in this book is a great start, but you should pull out your classroom textbook and 
work on those problems, too. 

This book describes all of the principles you’ll need to work in most Algebra I textbooks, 
and the more you work on them, the better you’ll get. 

Factoring, in particular, is a skill that you will be able to do much faster the more you do it. 
So keep practicing.... 
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appendix ii ： pre-Alg^bta review 

JBuild on a solid foundation 

7 ^ ▲ 



Do you ever feel like you can’t even get started? 

Algebra is great, but if you want to learn it, you have to have a good understanding of 
number rules. Suppose you’re rolling along and realize that you forgot how to multiply 
integers, add fractions, or divide a decimal? Well, you’ve come to the right place! Here 
we’re going to cover all the pre-Algebra you need — fast. 
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understanding numbers 


Algebra starts with numbers 

If the you hear the weatherman say it’s “minus five，” you know that it’s really cold, colder than 
zero. Numbers sometimes need to indicate that they are less than 0, and they do that by adding a 
negative (or minus sign) in front of the number. 



T^ese are all 


n-s \s a 切?，以 

上 ㈣ 二 


So, that’s a negative number. What are the other numbers, the plain 
ones? Those are positive numbers. They are indicated by no sign 
or a positive sign. If youVe working with whole positive and 
negative numbers, it means that you’re working with integers. 




pre-algebra review 


How do you work with negative wombers? 

Operations with negative numbers are similar to operations with positive numbers; you just have to 
keep track of the sign of the numbers that you’re dealing with. The first thing to understand is how the 
negative and positive numbers relate to each other. The number line will help with this. 


The number Ime 


^ ',s -to ' 

A . *1 •« Vss 


■ 3 < 



^elax 


Inequalities explained. 


Don’t worry, we explain inequalities 
in the book. If you’re hazy on the 
> (greater than) or < (less than) symbol, then 
jump to the first few pages of chapter 5 on 
inequalities. That should clear you right up. 



一 5 一午一多一 2 •— I I Z 3 午弓 


To determine the relationship between integers, plot both numbers on a number line. The number farthest to 
the left is always less. That’s because the left side of the number line is headed off to negative infinity, a very, 
very small number. 


The number farthest to the right is always the larger number. Since as you go farther to the right on the 
number line, you are closer and closer to positive infinity^a huge number. Looking at -3 and 1 on the 
number line, it’s clear that -3 is less than 1 since it’s farther to the left. 


(^terpen your pencil 


Use the number line above to plot the relationships and fill in less 
than or greater than signs. 






1 
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sharpen solution 



^^BULLET POINTS - 

■ Integers are all the “counting ■ A number line can help clear up 

numbers” （ 0,1, 2, 3...) and all the which integer is bigger, 

negative numbers (-3, -2, -1, etc.). 
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pre-algebra review 


Addition and sobtractiow of integers 

You’ve probably been adding positive numbers for ages, so you have no problem with 
that. The good news is that when you’re working with numbers of the same sign, there 
are some simple rules to follow. 



Adding two positive numbers is a positive number. 

Nothing’s changed here. They just keep going up! 



Adding two negative numbers is a negative number. 

With two negative numbers, just add the number part first and put 
negative sign in front of it; that’s it. 






Working with mixed integers 

Did you notice that there’s no “subtracting positive numbers” on that list? Now that 
you’re working with integers, the line between addition and subtraction gets a bit murky. 
Subtracting a number is the same thing as adding a negative number. For example, 2-3 is 
the same as 2 + (-3). 

How do you know? To actually perform the operation, you can work with the number 
line. The rules are simple: for every negative number (or subtraction), move left on the 
number line, and for every positive number (or addition), go to the right. 


S-tavt ai Z or> 
"the hurwbev lihC. 



❺ Rules for adding & subtracting mixed integers. 

Move left on the number line for negative numbers, move right for 
positive numbers. 


Move ^ ^ 
Vme ^ ^ 


iZ 

-3=-l^ 


You II 
here. 
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handling signs in multiplication 


Multiplication and division of integers 

To multiply and divide integers, you use the same operations as with regular positive 
numbers, with a few simple rules about how you work with the signs. When you come 
across an integer multiplication problem, first figure out the number piece: 


TW.s is 
。— al —W. 


Fivst 

灼 umbev* 



just do 7^ 

part - - / 


, 一 TW»s is ^ ^ 

yj l e avn 心 abow 七 . 

AND A SI(ii\ (A POSITIVE 
OK A iMiCATIVli) 


The rules for integer signs - multiplication and division 

Now that you know where you need the rules, here they are. Remember, you just 
carry out the multiplication (or division) as you would for positive numbers, and then 
add the sign in front to get your answer. 

^ A positive number multiplied or divided by a positive 
number is a positive number. 

So, you figure out the number part, and that’s it. 


❺ A negative number multiplied or divided by a negative 
number is a positive number. 

The two negative signs cancel each other out. 


❺ A negative number multiplied or divided by a positive 
number is a negative number. 

So, if the numbers are mixed, the negative sign carries. 


So now let’s add a sign to 
that problem: 
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Let^ try it... 



pre-algebra review 


®tS 


BE th^ c^cufer 

Your job is to play calculator and 
figure outiliese integer operations. 
Remember all ike new rules you’ve 
丄 - learned! Wo 成 wiiliilie 
number lines - iliey Kelp. 


Oust Viatt “ k 


-lx-32 


7 + 4 


3-8 


Vo« L «se ' me \. 

Wt smte 七 W 寸 仏 怵卢 。 
-tV^cyil sta^ 吻 W. 


4x-5 


po 如灼 ， bev 
▽av* 七 »v*s*b ， 七“灼 


3-6= — 

—i — I —— I —— I —— I — I — I — I —— I — I - 1 — I —— I — I — I — I — I — I —— I — i- 

一 10 一 ，一 0 一 7 一右 一 5 一午一 3 一么一 I iz^^<56701lo 


-5 + (- 4) = 



I 1 I i I 1 1 1 1 I - 1 I I 1 I 1 I I 1 1 

AO-°[ -9 -7 ^ -"5 -Z -Z -\ l 
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calculator solution 





BE th^ c^cufer s©Iug©n 

Your job is to play calculator and figure 
outiliese integer operations. RemeirSber all 
iie new rules you’ve learned! Work wHi 
iie nimber lines - Aey Kelp. 


TW«s a 

7 + 4=11 'warm «?. 


-3-8 


aatwes 伽 teUaA 加 
,i 七 ’ s posiiWe- ^ 


T^e ne^atwes ' 

。心。 . ， 七 、?。 5 . 1 七 We . 

-lx- 32 


Treves omly one *'e^ we, 

so vt s-tays ne^a-twe—^ 


4x-5=-20 


Yo't C.S\rt use the 

、仙"' 1 >饮 liwtoo, bui 

iheyVe both 

畎 3 此叱 you ca^jusi 
3dd them up and keep 

3 。 岣 . 

Remembev, t^e wJoer 
?a rt oUk 。? 汉七 
doesn't Aa 呼各七 all. 





一 M 爿一 0 一 7 一右一弓一午一 9-2 ■— I 


462 appendix ii 




pre-algebra review 


Absolute Value 


Absolute value is the operation of stripping an integer of its sign. The upshot of that, of course, is that all of 
the numbers end up positive. Here’s what it looks like: 


TV^c absolute vaWc 
''•take 

V\VAWvV)CV- 





-6=6 and 


How do you treat the absolute value sign and the numbers inside it? The absolute value sign acts like 
parentheses; you have to do what’s inside it first and then take off the sign. So if it shows up in an expression 
you’re working with, you have to handle it before moving on. 

If you think of the absolute value sign as a brick wall, that might help. 



^.BULLET POINTS —— 

■ Absolute value means take the sign 
away from the number. 

■ The absolute value of a positive 
number is a positive number. 


- 2=2 


\ 



■ The absolute value of a negative 
number is a positive number. 

■ An expression inside the absolute 
value sign needs to be simplified 
before the absolute value is taken. 
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measuring distance from zero 


What absolute value meaws 

Absolute value really means the distance between a number and zero on the number 
line. It’s important in cases where you’re more interested in difference than direction. 
The number alone tells you how far you’ll travel, and the sign tells you the direction 
you’ll move in —— to the left of zero, if the sign is negative, or to the right of zero, if the 
sign is positive. 

Absolute value means caring about the distance, not the sign. 




丁 he disi^^dt 

Absolute value is always positive; it’s the 
distance from zero to the number. 






Absolute value - The absolute value a number 



value of humbev- wi*thou*t i*ts s\y\. |*t is 
o-f humbev -Pvom z«c\ro oh humbev- 
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Simplify the absolute value problems below. Remember, you’re 
looking for the distance between zero and the number. 


| 七 doesn't ma-t-tev- y/Wi6K s\ 0 jr\ is -bKcvcj 
absolute value mca ⑽ take \i av/ay. 




- 22 | 

10 + 31 = 

+75 |=. 

15-161 = 

172 | 


absolute 

value 心 vst , 妊作 do_ 

suUvatW. A- 

25 -113 + 4 25 + 1-13 -4 


^terpen your pencil 
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sharpen solution 


(^terpen your pencil 


Simplify the absolute value problems below. Remember, you’re 
looking for the distance between zero and the number. 


The positive sign gets dvo^ped, 
although iV>e absolute value is st.ll ?5. 


+ 75 = 75 , 


172 = 172 


如 lake 如 aWMdk 

mi0 + 3| = jl3| = 13 


Same deal hcv-c - ihside •first, 
广 the absolute value. 

L ,|15- 161 


-1 


SW ㈣ '/如 absolute 
value ^ivst, 

siAtt'rad-tionv. 


25-|13 + 4 
^25-J17|_ 
.…. 25.-17 … 
8 


25 + 1-13-4 

.......25 + 17...... 

42 
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tliereicire no 

Dumb Questions 


What is absolute value used for in the real world? 

Distance is, at its core, just absolute value. It’s the answer to 
“How far are you going?” It doesn't matter which way, so you're the 
distance you give will always be positive—an absolute value. 

Another example is temperature change. Since temperatures are 
measured in terms of above and below zero, you may need to know 
how much the temperature needs to be raised. If you start at below 
zero and are going above zero (say, from -10 degrees to +32), you 
need the absolute value of those numbers added together, not just 
numbers themselves. 

Isn’t the number line a little juvenile? 

No, the number line is a great, easy way to keep track of what’s 
going on when you’re adding positive and negative numbers. Don’t 
feel like you need to use something complicated just because you’re 
getting ready for Algebra! 

What if we have three integers that are multiplied 
together? Which sign wins? 

If you have a string of integers multiplied together, here’s the 
deal: If it’s all positive, the answer’s positive. If you have an even 
number of negative signs, then the answer is positive. If you have an 
odd number of negative signs, the answer is negative. 


Zero is an integer, too? 

It sure is. It’s included because the integers are really whole 
numbers, so you need to keep the zero. Stay tuned, later in the 
chapter, we’ll learn about zero and how it works. 

What if my integers get really big? Then the number line 
won’t work as well? 

Yes and no. You might not be able to count out your answer, 
that’s true, but you could draw a number line with the tick marks 
meaning 10’s，for example. 

Is subtraction done? 

It’s just a matter of perspective, really. Subtraction and addition 
of a negative are the same thing. That being said, it doesn't really 
matter what you call them; you do the same thing to deal with the 
operation. 

The big take away from this is that you can put the negative inside 
the parentheses and work with it that way if it’s easier in any given 
situation. 
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group numbers in sets 


Number sets - all together 


Number sets are a way of grouping number 
types, like integers. Knowing how to group 
numbers together can help you learn how to 
work with them when you go into 




TV^c 

belov/ zjCvo, so 




Couh^tihg humbcv*s 
卜 y s^i ed wi ^ h 
tihjcvs 3hd iocs) 



产 vs a 二 

a \\ 0 U ' 寸 s 
\ytrt - 十 、 oV \ 

a^d \vvaW 从 


The number sets build on each other. 
The smallest set of numbers is the 
counting numbers, the whole numbers 
are just the counting numbers with 
zero, the integers are all of the counting 
numbers and the negative numbers, and 


T ^es 3l So 
' eave ^^ 
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The number sets 

In mathematics, there is a typical notation for sets of numbers. Here’s what 


it looks like: 


丁 he numbers listed art mduded 

r 'm i\\t sc-t a^d also cs-takl'isK i\\t 
Yaiitrr\ -fov i\\t vest Jc i\\t set 

Counting Numbers: 9 飞 f 

口，4, O, ^ w & 七 W|S 細 w 

^ - like tWis” （午 , A k cU ). 

The counting numbers are the smallest set. They’re just the numbers that you use to count things. It’s also the first set 
of numbers that you work with when you’re learning about math. 


Whole Numbers: { 0 , 1 , 2 , 3 ,...} ( Jus 七七 he 

humbc\rs y/i 七 h ievo added 


The whole numbers are just the counting numbers and zero. You’ll need zero to indicate there’s nothing of something. 


Integers: -3, -2, -1 ， 0,1,2,3,...} 

The whole numbers plus all of the negative numbers. 

Rationa _ Numbers: {Any numter a/t} 

Rational numbers are a bit more complicated. Any number that can be written as a fraction is a rational number. Since 
counting and whole numbers (like 2) can be written as a whole number divided by 1 (like 2/1), they’re rational, too, 
just like all of the integers. This number set is helpful when we work with fractions. Decimals that can be converted to 
fractions are also rational. 

,rrational Numbers: {Any numter tkat can’t 

te written as a fraction} 

Irrational numbers are numbers that can’t be fractions. You’ll see them more and more as you get into geometry and 
the real world, but there are numbers that go on and on —— non-repeating and non-terminating decimals. There are 
square roots that go on forever, and there’s pi, the ratio between the circumference and diameter of a circle. 




Real Numbers: 


{AU oi tkem so far} 


Real numbers are just the set that encompasses all of the numbers, both rational and irrational. Since a rational number 
can’t be irrational, but they’re both numbers that can exist in the world, this set includes all of them. 
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representing parts of a whole 


Three ways to split things up 

It’s important to be able to communicate a piece of a whole thing, and there are three ways 
you should be familiar with: fractions, decimals, and percentages. 


Fractions 



S; 時 茲， 

tommwnitate 饮 at. 


decimals 


Percents 


Fractions are a rational 
way of expressing a piece. 


TW»s \s 
ac^cv-al 

•fva^o^ 



Number of pieces 
that you have 

The total 
number of 
pieces in a 
whole 


0 W'e i ^One 
JQ oui of 

P iei « 


This notation is the 
way calculators and 
computers work. 


This notation is really just 
a tweak of the decimal. 
100% means all of it 


Ti)C f e ^l 

Number 

of whole Size of 
things that piece less a 

you have • than one 


■ 

TKc oi "tWis 
pav-b »s v/cll 


V\feVe about 
less ov\t so 
七 W»s u z^vo- 


s’yv 


Number 


% 


10 % 


po y ou scc a 

vcla-t'»or\sW»'j> 

bc*t^ccir\ 七 he 

i\\t 


Now we need to figure out how to 
work with all these different kinds of 
numbers. We’ll start with decimals... 
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Pecimars Awatomy 


Decimals are the easiest for calculators to work with, and sometimes the easiest for people, too. 
We’ll start with the details of the format itself. Just like whole numbers have ones, tens, and 
hundreds, decimals have places, too. 


oUV'C 






y,V>o\c 灼， b 伏 . 


1.234 


i\\t 
yom 七 




丨身 s 


TV>c f lades 50 ov\, 
dhd ov\ } and oy>... 


How decimals communicate 

Just by having the format of a decimal, you can tell two big things 
about the number. 



The number of whole things you're dealing with. 

The number of whole things is the number to the left of the decimal point. 
If it’s less than one thing, then it’ll be zero. 


^ The size of the piece of the thing. 

The numbers to the right of the decimal point communicate that size in 
pre-determined pieces. For example, if a number is in the tenths place, it 
is that many tenths. 



H you need to deal witk parts, 
anct you neect to deal witk a 
calculator, you’re protatty going 
to neect ctecimals. 
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line up decimal points 


Addition and sobtractiow with decimals 

Addition and subtraction with decimals are almost exactly the same as addition 
and subtraction with whole numbers, but you must line up the decimal 
points. Just like with whole numbers, with decimals, you have to add the right 
place, so tenths must be added to tenths, hundredths to hundredths, etc. The 
way to do that is to make sure that the decimal points line up. 


Try tkis： 12.34 + 5.6 = ? 


Right way: 

Tenths 

me up ' - in line w i-th 

1 w 


tolumy>s up is +4.5 

七 he 

same as Wi-tV> 
y/KoIc y>umkcv-s. 


16.84 TV>c ^ 

a«sv.ev is m t 

addends^. 




ir 

,+ y^j^iadd 

: 仏 e 仙州 b 饮 s o) 

youVc 

f dd，h 9 i^ihs io 

huy) d\recHhs. 


Carrying across columns is the same as it is with whole numbers. 



Borrowing from other columns is the same, too. 



Subtraction works the same as addition, just line up the decimal 
points, and you’ll be ok. 


Wken you actct and subtract 
ctecimals you must line up tke 
ctecimal points. 
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^terpen your pencil 


Complete the addition or subtraction and solve the given 
problems. Make sure to line up the decimals! 


Vow ^ave -to 

6.9 + 12.41 = ? detwal 14.27 - 3.6 = ? 

^.orn-b, vemembe'". 


3 + 16.01 = ? 


21.24 - 9.7 = ? 


Sam wants to buy the latest Y-box game — it’s $49.99, plus S2.50 in sales tax and $13.65 in 
shipping (overnight!). How much is this game going to cost him? 


Ella, Sam’s sister, just got her birthday money, and she has $80 to spend. She wants to get a 
DVD for $13.35 and a new outfit for $42.35. How much will she have left? 
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sharpen solution 


^Sharpen your pencil 
、乂 Solution 


Complete the addition or subtraction and solve the given 
problems. Make sure to line up the decimal points! 


6.9 + 12.41 = ? 


14.27 - 3.6 = ? 


6.9^ 
+ 12.41 


- You ^ave b> 

叶 the detwal 
pom-b, 'remeJoe'r. 


19.31 


16.01 = ? 念 t … d d 

^ zy ^ 

3 .oo 〆 
+ 16.01 
19.01 


V/VOV/ w, ，分， ， - -- 

X4.*27 v\t%i 6olumy>, like 

八 reaular sub-tv-a6-b'iov>. 

一 3.6 0 

in an a ^ help keep 

丄 U.b/ tiradk o\ the decimal 

plates. 


21.24 - 9.7 = ? 




- 9 . 7 ° 

11.54 


Uo 

w、 s 心 

w 七 “w* > 奶 . 


Sam wants to buy the latest Y-box game — it’s $49.99, plus $2.50 in sales tax and $13.65 in 
shipping (overnight!). How much is this game going to cost him? 


^ cah add up 

as ， decals 

as y°« want 


r \^ \ 

49.99 

[+ 2.50 

^ 13.65 

f， 66.14 


Just lihe up 

the decimal 


points at\d add 
them up/ 


Ella, Sam’s sister, just got her birthday money, and she has $80 to spend. She wants to get a 
DVD for $13.35 and a new outfit for $42.35. How much will she have left? 


to add 

yuY teases 


13.35 

+ 42.35 

55.70^ 


7<»* ta, ' Alvatt 

value 

W-t^daY ^onoj- ^ 


80.00 

- 55.70 

- 24.30 
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decimal multiplication 

Multiplying decimals is almost the same as multiplying whole numbers; however, there is a 
twist at the end. You can set up a decimal multiplication problem exactly the same way you 
would whole numbers: line the numbers up on the right, and start multiplying. After you’ve 
multiplied the first number by each digit of the second number, you can add them up. 

The last step, the one that’s different with decimals, is you need to count the number of places 
to the right of the decimal point in both of the factors, and then put that total number of 
decimal places in the answer. 


its ： 14.45 x 1.5 = ? 


Write the multiplication out just like 
with whole numbers. 


14：45 

xl.5 




O 


o 


Carry out the multiplication and addition steps, just as 
you would with whole numbers, ignoring the decimal 
points for now. 


14.45 

xl.5 


Ai s 

/x/f, 




The last step is to count the decimals in the factors of 
the problem, and put the total number of places back 
into the solution. 

14.4o,2 - 


叫 . 7225 ^^'" 

H tls 

14450^_Add 如 2 f 。 

smte Vt’ s 

21,675. w ?、 ate . 


You towrvt ;， 扑汐 
V^eve- 




I plad< 


： vi^ 


nafs ? lates ' 



In ctecimal multiplication, 
count tke total numter oi 
ctecimal places in tke factors. 
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manipulate decimal points when dividing 


decimal division 

Dividing numbers with decimals is similar to regular long division, but with some minor 
changes. Before we can talk about it, a quick refresher on some terms. 


Dividend 十 Divisor = Solution 


dw ⑸ or> . 


Solution 
Divisor) Dividend 


If you’re dealing with decimals, take regular long division and make the following changes: 



If there's a decimal point in the divisor, you need to remove it. 

If you have a decimal point in the divisor, you need to eliminate it. First, move the 
divisor decimal point to the right as many times as you need to make the divisor a 
whole number. Then, move the decimal point in the dividend the same number of 
places to the right. 


❺ If there is a decimal point in the dividend, then put the decimal 
point in the same place in the solution above. 

After setting up the problem, just stick the decimal point in the solution right above 
it. If there was no decimal point in the divisor, then divide exactly the same way 
you would with whole numbers. If you moved the decimal in step one, remember 
to use the new position. 

let's do some division! 


Here’s a problem with all kinds of twists and turns. It has two decimals and 
there are some tricks you’ll need to make it through. 


— 






^ all. 


First, you’ll neect to set up your 
equation in a long division iormat 
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pre-algebra review 


Write your problem out in long division 
form. 


1.2)15.126 


Adjust the decimal points as needed. If 
the divisor has a decimal point, move it to 
the right until you have a whole number. 
Then move the same number of places in 
the dividend. After that’s done, write the 
decimal point in the solution in the same 
place as in the dividend. 

Proceed with the long division. This is 
exactly the same as with whole numbers. 


1.2J15.126 N 


We ^oved d / t -, . 

?lac e iM O— 

: whole 叫〜 . C 么 ㈣ 


咖 S0 WW 


12.605 

12.U51.260 士 


-12i 

-24 


Hot —- 

••• 


-72 


-60 


Remainders don’t exist for you anymore! 
Since you’re working with decimals, you 
can add a zero to the dividend without 
changing any values, and keep on going. 
Just don’t forget to put a zero in your 
solution when you need to add a zero to 
the dividend. 


Keep going with your division. When you 
finish a division with no remainder, you’re 
done! - 




ruercs a tow 

丁二 
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special kinds of decimals 


Special decimals 


There are a couple of special cases that you need to be prepared for with decimals. Decimal 
division can actually end in three ways: 


Q Terminating decimals. 

The one we just did is a terminating decimal. That means it ends. 


❺ Repeating decimals. 



These decimals get in a rut. The thirds (1/3, 2/3) are the easiest 
example. Once you start the division, it never ends. There’s a 
convention for writing them: 


(yp aV^ad a，d / 

I*t s I 


3 


0.3333333... or 0.3 



㈣ 么 . 



Non-terminating, non-repeating decimals. 

These go on forever. You just keep adding zeros and dividing 
numbers. When you start to see that happening, just write what 
you have, and add a note that it doesn’t terminate. 


Q/ With repeating decimals, will it just 
be one number? 

Not necessarily. Sometimes it’s several 
numbers that repeat, like 1.234234234. 

These numbers are written with a bar on top 
of the entire sequence that repeats: 

1.234 


thereictre no 

- Dumb Questions 

How do I know if it’s a non¬ 
terminating, non-repeating, or just a long 
sequence that repeats? 

Most of the time, the problem will tell 
you how many decimals to use before you 
decide. For example, it may say, “Only take 
the division out 5 places.” 

How do you use repeating 
decimals? You can’t add them to other 
numbers, right? 


With repeating decimals and non¬ 
terminating, non-repeating decimals ， it’s 
much easier to work with them as fractions. 

Why can you just add zeros on the 
end when dividing by decimals? 

Since the zero comes after the decimal, 
it’s not changing the value of the dividend 
at all. 15.126 has the same value as 
15.12600000. Adding the zero is a trick that 
makes it easier to finish long division. 
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Solve the following multiplication and division problems. You can add as many zeros as you 
need after the decimal, but don’t forget about repeating and non-terminating, non-repeating 
decimals. If you go out 4 places and still don’t have an answer, you can stop. 


15.1 x 0.72 = ? 


23.2-5 = ? 


x 


56 


^ 二 ,£ :以上: , “，。 U 


10.6 - 0.34 = ? 
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exercise solution 



txeRcise 

So{.ut»OH 


Solve the following multiplication and division problems. You can add as many zeros as you need 
after the decimal, but don’t forget about repeating and non-terminating, non-repeating decimals. 

If you go out 4 places and still don’t have an answer, you can stop. 


plates m 

-tKc solut»orr\ 

because -tV^cvc 
\s I m 

^\vs*b ^adlov 
a 

sc£.or\d- 


15.1 X 0.72 = ? ^ 

dc6—U vonrvts. > S 
. m ^ keev 


23.2-5 = ? 


15 I ^ 

XO.72 

302 丁 k ojy th'mg y<x 

10570 i a ； e ^ doi ^ ut L ^ e 

- dedimal Pomt m hcvc- 

10.872 / 


d.rettl7 

4k aWMt “〆… 

512^20 铋 edWidwd. 


〆 - e you cWt 心七 

丁 WlS bav means 

18.66 

J5K00 over 

- 3 | 1 / (s^u^atvc ? cab. 


ttmmm … 七 Wis is 

{fi 50 OY\ -fovcvcv. 
Looks like a rcfca-t'm^ 
dermal- 


TV,c a^ev d 广:、 

yom-t need 4 ^ 

10.6 - 0.34 = ? aWe 0 

f d ef,-a\ ?omt. 

Vou ^ave-to 3U764 

move tW»s 0 翊 10 猶 000 . 

d^alW^. _ io2 ^SotW^al 
©latcs - ^>omt has xo 

40 move 七 ^ s3wC 

- 34 *fcwo 'pUtcs- 


^• s is siill n . / 

^ii a u/ 

^-i e z 

tc 、 〜次 


-204 

,nS'o 


1^11 ^ill ^ 7<>uv 
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YouYc 100 文 right! 


Decimals and percentages are almost the same thing. Percentages are just 
a convention that we use to work with decimals, primarily those between 
zero and one. 0% is 0, and 100% is 1; everything else is some decimal 
in between. There are a lot of times when you need to talk about some 
consistent piece of something that’s between zero and one —— tax rates, 
contribution rates... 

Dealing with percentages is easy. Just convert them back to decimals and 
work with them that way. 


{% = 1 out o? lOO = O.Ol 




To convert a percent to 
a ctecimal, just move tke 
ctecimal point two places 
to tke left. 





Does it work the other way—going 
from a decimal to a percent? 

Yes. If you want to convert a decimal to 
a percent, just move the decimal point to the 
right two places. 


tfcereictre no 

Dumb Questions 

What if the percent is bigger than 

100 ? 

The process stays the same; you 
move the decimal two places to the left. The 
number that you come up with at the end will 
be over one, that’s all. 


Can a percentage be written as a 
fraction? 

It sure can, and we’ll find out how to 
do it soon. For now, just remember that all 
of these things—decimals, percents and 
fractions— are all ways to work with parts 
of numbers. 
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percentages are just special notation 


Working with percents 

With a typical percentage problem, you’re looking for some percent of 
something, like sales tax. In chapter 1， we help Jo buy a game console, 
and when you buy something, you have to pay the taxes: 



KillerX 2.0 
Gaming System 

The brand new Killer^ 
2.0 includes full circled 
entertainment valuej 
game controller incluj 

■)POD-112) 


To find the percent of something, there a three steps. 


❶ 


First let's deal with sales tax... 

The base price is $199. After that, we need 
to think about taxes. In Mathopolis, the sales 
tax rate is 5%. Let’s figure out how much we’ll 
have to pay in taxes. 


I he 

l^so/c j s 


Figure out the number you are taking the percentage of. 


Vow v\ttd "to -f ^ 

base 

fW- 


199 


O 


Convert the percentage to a decimal. You do that my simply 
moving the decimal point in the percent two places to the left. 


咖 a 


⑶工工 . 


Take 


I dice v 

辦 =0.05 

丁” 


Multiply the decimal to the first number. The value you’ll 
get is the result you’re looking for! 


次 


199 

x0.05 


p 。 
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Percent Magnets 


Use the magnets to complete the problems with percents. 


Just move the dedimal two 

places -to the Ic-f-fc. 


15% 


More 100% is 

OVCV OY\t- - 


Peirdehts tan still have 
decimals ih them... 

0.027 = 


117% 


0.39 


Really Big Mall is trying to decide if their customers would use Wi-Fi in the mall if it was installed. So, they 
took a survey of 618 shoppers and found that 61 % said that they would use Wi-Fi if it was available. How 
many customers does that represent? 

618 


61% =— 
x 618 = ? 


x_ 

, 618 

r. . 

37080 
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magnets solution 



Percent Magnets Solution 

Use the magnets to complete the problems with percents. 


Just move the decimal two 
flakes {jo -the Ic-ft. 

15% = 



Pcvdch-ts dah still have 
decimals m them... 

0.027 






More 100% is 

OVCV OY\t- -- - 



Really Big Mall is trying to decide if their customers would use Wi-Fi in the mall if it was installed. So, they 
took a survey of 618 shoppers and found that 61 % said that they would use Wi-Fi if it was available. How 
many customers does that represent? 
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I hate fractions. They're hard and I don't 
see how they help anything. I’m just going 
to use my calculator. I'm so out of here... 


Wait! They’re not that bad. 

Fractions are really helpful. Once you get the hang 
of them, they can be faster and more precise than 
decimals. 


They are a little tricky to get the hang of, so let’s start 
with a review of exactly what a fraction means. 




Fractions show parts of a whole 

A fraction tells you how many pieces you have of something 
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multiply fractions 


Fraction multiplication 


Fraction multiplication is the easiest operation to work with. You simply multiply the 
numerators together to get the answer’s numerator, and then multiply the denominators 
together to get the answer’s denominator. 


S-tav-t ^ 

广 .I - 


^ul-fciply 

f lXl = 1 
'J><3~6 

The" -th c 




❶ 

o 


Multiply the numerators, and write the value as the numerator of the 
solution. 

Multiply the denominators, and write the value of the denominator for 
the solution. 


Fraction division mixes numerators and denommators 

Fraction division is actually more like multiplication with a twist. To divide a fraction by a 
fraction, use a process called cross multiplication. Here’s how to cross multiply: 


multiply, just mul-tiply by 

A bo (\ti solution ^umCva-tov N 


To dv-oss t ， • 

*to "the solution 


Start 叫办 < — 

I 3 



2 

3 


To ctivicte, multiply! 


3x1 

C Then multiflY -tv>e {.|«七 denomiina-tov- by iV>e sedond 
^nwmeva-boy -bo get iV>e solution dcnom.maW. 


o 

❺ 


Multiply the first numerator by the second denominator, and 

write the value as the numerator of the solution. 

Multiply the first denominator by the second numerator^ and 

write the value as the denominator of the solution. 


Now try it 


486 


appendix ii 



pre-algebra review 



you are here ► 


487 








pre-algebra review 


Improper fractions 


An improper fraction is one where the numerator is larger than the denominator. 
Since the numerator is larger，the fraction actually represents more than one. 

For example, the last fraction in the previous exercise has a denominator of 2, 
which means that the whole is cut into 2 pieces. The numerator of three means 
that there are three pieces of it (more than one total pie). 


Z 


This humbev 

2 七 WlS OY\t- 


Sometimes (like with multiplication and division) 
it makes more sense to keep working with the 
improper fraction. But what if you just wanted to 
know how many pies there are? 

divide to wake aw improper fraction proper 

To convert an improper fraction to a proper fraction, you need to remember that 
the line in the fraction means division. 




2 


o( whole 
dut ih -two. 


^'visioh. v 


3 

2 


A^o-tKcv v/ay -bo v-cad 
七 Wis y/ould be 
divided by 2- w 


So, do the 
division! 


2 



\s I 


Any remainder of the division just goes 
back over your denominator. The whole 
number part of the division stays as a 
whole number. 1 土 

number). 




切 、缺， 
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deal with mixed number 


More about improper fractions 

So what if you had to solve this problem? 

2 i 斗？ 

The mixed numbers make things tricky. You have to make these improper 
fractions before you can multiply the numerators and the denominators. That 
way you only have numerators and denominators and no whole numbers. 
Whole numbers would just complicate this problem. 



To get to a mixed number, you had to do division, so to get back to the improper number, you 
have to do the opposite — multiplication. 


❶ 

O 


To convert an improper fraction, first write the denominator for the 
solution. It will be the same as the denominator for the fraction portion 
of the mixed number. 

To find the new numerator, multiply the whole number times the 
denominator and add the old numerator. That’s it! 
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£ 卽 spmr 

^gactions 


Convert the following fractions from proper to improper 
fractions to complete the operations. Reduce all of your 
answers to proper fractions.. 







,2 


timCS 


ff 


I bi^cs 3 

pl 吣 / \ 



X 



4 xl l- 


Use iW.s s ? ate W 
reduti^batk a 



Wovk hcvc *to \rcdu6c 
"the solu*tioh -to 3 


pv-opcv 
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TW»s needs "to be 〆 一 
vedvA^edi badk k a 
Yro^tr fvatW a—. 




exercise so/c/f/on 


^ sa Bane youR 

[l- 1 —. jff • T " Convert the following fractions from proper to improper 

BS ^f(actiOH$ fractions to complete the operations. Reduce all of your 

- answers to proper fractions.. 


_TV>e «wwa^r 

2 P/« 11 Ws^Ws 3^27 ?W 

- j times - ) 


广 $ t 、 〆 5 


2. -times 7 

#ir 


VVvrte 七 he sa^c / 

ac^omma*tov &st 


Dchomih^-tov 

-Pi»rs-t 



BULLET POINTS 


■ To multiply fractions, multiply 
the numerators and multiply the 
denominators. 


■ To divide fractions, cross multiply. 


■ To convert an improper fraction to a 
mixed number, divide. 

■ To convert a mixed number to an 
improper fraction, multiply. 
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Iwvert a fraction to get its reciprocal 


The reciprocal of a fraction is a fraction with the numerator and denominator 
switched. To divide two fractions using this method, you can multiply by the 
reciprocal instead of cross multiplying. 


2 


2 

I 


The vctipvotal 
o( "this is -this. J 

Fraction division - option *1 

Here’s the reciprocal way of doing things. It will give you exactly the same 
answer as cross multiplication: 

Replace the division sign with multiplication, and replace the second 
factor with its reciprocal. 

Treat it just like any other multiplication problem and multiply straight 


See, ^ 产七 

ovcv! 


SW 七 』 ' a 切 〆 al 

aivision fvoWcw* 

6 _ 
4 * 7 ~ 



7 

2A 



Try the same problem using cross 
multiplication - you’ll get the same answer! 
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no dumb questions 


Why do we have to learn fractions? 
Don’t most people use calculators? 

It’s true that most people use 
calculators. The problem is that when you 
get to funky decimals like repeating decimals, 
for instance, it’s actually way easier to work 
with the fraction. If you need to carry that 
small number through a few steps in Algebra, 
it could get ugly. 

How do you know what each 
decimal place is? lOths, lOOths? 

That is basic number knowledge, and 
you just have to memorize it. The good 
news is that 0.1 is one tenth, 0.01 is one 
hundredth, and it keeps going up by a factor 
of 10 each time. 

Knowing that, it's easy to convert a decimal 
to a fraction. 


tlieretcire no 

Dumb Questions 

Addition and subtraction of 
decimals are the same as whole 
numbers? 

A: Yes if you LINEUP THE DECIMALS. 
Don’t line them up to the right, because then 
you'll have lOOths added to lOths, and that 
won’t work. 

How long can I keep adding zeroes 
if I’m dividing? 

Good question. As long as you want, 
really. If you have a repeating decimal, you’ll 
figure it out pretty fast—probably by the 
hundredths place. Otherwise, keep going 
until you have no remainder or you have 
enough decimal places that you can answer 
your question. That will depend upon the 
context of the problem. 

Percents are really just decimals? 

That’s right! They were developed so 
we could easily talk about one hundredth of 
a thing. Since that’s also how divide up our 
money, it's so convenient! 


For what do you use improper 
fractions for? 

They are great for speed. If you 
have several steps to go through with 
multiplication and division of fractions, it's 
much easier to keep working with the 
improper fraction. If you convert improper 
fractions in the middle of a problem to a 
proper fraction (say, a whole number and 
a fraction), and then you need to multiply, 
you'll just end up going back again. 

Which is better, cross 
multiplication or using the reciprocal for 
fraction division? 

It’s a style thing, really. Both of them 
work fine, but for one, you need to rewrite 
the fraction, and for the other, you don’t. It 
may bother you that cross multiplication 
doesn’t involve writing exactly what you’re 
doing. When you write out the reciprocal, the 
math you’re doing is exactly the same thing, 
but the notation is different. 
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Adding and subtracting fractions 

Addition and subtraction of fractions are a bit more complicated than multiplication and 
division. You can multiply and divide any two fractions without much trouble. To add 
and subtract, two fractions must have the same denominator. 

Why? Because the answer you are looking for will be in a given denominator, which says 
how many pieces your whole is cut up into. 




4 3 



^ This 如， 

... depehdin9 up 0 « the 

pieces that you de ⑽ “ 丄 / 

have 


Number of 


The total 
number of ^ 
pieces in a tvat W 

whole 


You need a common denommator 

The moral of the story is that we need to find a way to change the denominator of 
the fraction without changing it’s value. But we’ve got a couple things we need to 
learn about before you can make that happen. 
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equivalent fractions are equal 


Equivalent fractions get you matching dcwomiwators 


You may remember from your times tables that any number times one is itself. This one little fact 
makes it possible to change a denominator without changing the value of the fraction —— the size of 
the pie piece that you’re going to get. 

To get an equivalent fraction (say，to add them, since they need the same denominator), you have 
to multiply the numerator and the denominator by the same number (like 2 over 2). You can do that 
because 2 over 2 is equal to one, so you’re not changing the value of the fraction, just the way it’s 
written. 


When you do this to get an equivalent fraction, you find a different way to express the same amount 
of pie. Let’s try it out. 

Cavvy i-fc out like 
TWis is a^o-tV^cv 3 vegulav 

ok oy>c. multiplidatioh. 
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Use the lowest common dehominator for addition 

What we’re looking for is a common denominator for both fractions. To keep the math 
simple, it should be the lowest common denominator. 


TV s^H e si 


Lowest common denominator 

^" esi ^ ^ 

" Kd 峰 二 ▲ 


To find the lowest common denominator, you need to find the least common multip 
of the numbers that are the denominators of your fractions (in our case 3 and 4). Once 
you’ve done that, then you can figure out how to find the equivalent fractions of each 
addend with the right denominator. 


P if~ 


A 抑脉 d a 、 

J t'he 州 ―' 


TKcsc av-c multiples -tKat 

d^o^aioys Kavc m do 你 moyv 一 


Multiples of 3: 3, 6, 9,㈣ 15, 18, 2lj( 
Multiples of 4: 4, 8,Oj 16, 20，{^).. 


V,e touia 50 brever. 


When you’re presented with two fractions, and you want the lowest common denominator, just list 
the multiples for each number and choose the smallest one that they share. 

Since we’ve found 12 is our least common multiple, now we can use it as the lowest common 
denominator. 
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match denominators to add or subtract 

Fraction addition and subtraction traiHing 

Still feel like you can’t add fractions? You’re closer than you think~~you just 
need to put it all together. Find the lowest common denominator (LCD) and 
multiply by 1 to get a common denominator. 


Write out the initial problem. If you have a word problem, make 
sure that you know what you’re working with by writing it out first. 


工 


3 + 4 


Figure out the LCD. Take the denominators you’re working with and 
find the LCD, just like we did earlier. _ 


^ Multiples of 18, 21@.. 

。一 vW ㈣ 物 ' 6 Multiples of 4 ： 4, 8, ©, 16, 20, 越 . • 




Determine what version of 1 to use to get both fractions with 
the LCD. You know what denominator you need to get to (12). Now 
you have to figure out what fractional form of 1 to use to get there. 

so "—W ad d 一▲(如 7 \ 


^>oiV ^ese 

•fvacfco 怕 v\ttd *to kc 

"to I 地 s . 


Add (or subtract) the new equivalent fractions. Replace the 
fractions from the original problem with their equivalent ones and then 
add them to find out the solution. 






+ — 广 ~ t^ov/ you 6a 灼 jus*t add 

^ y ^umcv-aWs u\>- 

YZ + YZ = t^pucp- 

1,11 ^ SmW 7 


s0 


tW«s 
*3, o'ler 
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(^terpen your pencil 


Use your new skills converting fractions to common 
denominators to add and subtract the fractions. 


5 十 10 —. 


Multiples of 5: 
Multiples of 10: 


Mul-t'iplY ivs 七 by 

2. ovcv 2. -to yt *tV>c LCD- 


6 十 15 . 

Multiples of 6: 
Multiples of 15: 




trioh y ou 
or\c. 


Rewnle <>— a ' 

4 七 ^ 忧屮 

Common 如—…如 

Rewn-te al 

e T at»o« i^e- ^ 

Common denon'.maW 

3 + 1 = 9 

4 十 6 ' 

16 + I _9 

12 + 5 一 . 


Multiples of 4: 
Multiples of 6: 


Multiples of 12: 
Multiples of 5: 


Rewite 优 .— al 

tomt^on denom.maW 


ReW.te —— al 

一舳如 *' e>N 

Common denWmaW 
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sharpen solution 


^terpen your pencil 


Use your new skills converting fractions to common 
denominators to add and subtract the fractions. 


Multiples of 5: 5,(10^15,20, 25, 30... 
Multiples of 10^^20, 30, 40, 50". 

/viul-t'iplv 七 • or> W 

2. ovcv 2 - -to -tKc LCV 

2 v 2 _ 4 _3_ y I - A 

5 X 2 = T0^ ^T0 X T~I0 

. V V . 八 . 

去士备 I 

. 

^ply by one 


+ A 

4 + 6 


Multiples of 4 
Multiples of 6:6, 


： 4, 8(016, 20, 
:6 ， _18,24,30 


24 




9^ 

12 


I x 2 _ ^ 
6 A 2 _ 12 


9^,2__U 
12 + 12 _ 12 


旦 + -?- = ? 

6 15 The LC/VJ 

Multiples of 6: 6, 12, 18, 24,(^) 36 

Multiples of 15:15,(^) 45, 60 


Ixf = I- 


2 ov ei - 2 f _ 

^ LCD 

2 2 一 4 

T5 X 2 



…去 .^ 

25 , 4 

30 十 30 _ 

r … _. 

29 

30 

16 ^ 1 

12 + 5 = 

IA/e \^ad bo <^o o«*t a 哪丄 "b 

=? a de «。 娜伽 T 

Multiples of 12: 12, 24, 36, 48(6^) 72 

Multiples of 5^5, 10, 15, 20, 25, 30, 35, 
40, 45, 50, 55[6Q> 

lfxf = 

80 

'W 

1 x 12 _ 12 J 

5^12~W J 


80 , 12 
60 

92 夕 
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We know how to find an equivalent fraction with a 
larger denominator~what about a smaller one? 


It happens pretty often that you get into a situation where your 
LCD is still pretty big, and then your answer is this big fraction. 
When that happens, you just need to divide by one in a way that 
gets you a smaller, more user friendly, but still equivalent, fraction. 
It’s called reducing the fraction. 

But wky is tkat ok? 



Pividmg by one doesn't change the value 

Dividing by one doesn’t change anything either, which means that you can divide a fraction by one 
(in any of its many forms) without changing the size of the piece of pie that you have. 


All of this is just another way to express the identity of one. Any number divided by one is 
itself. Now the question is how do you figure out what to divide by? 


Sum it up 


I 


/l/lul*tiplida*tivc Idchtrty Pvopcvty o-P Or\t - A*^y 
humbcv- rwul*tiplicd ov divided by oy\t is 



you are here ► 


501 


reduce fractions with common factors 


Reduce fractions by dividing by 1 

To reduce a fraction, you need to find out the version (or versions ) of 1 that you can divide into 
both the numerator and the denominator. You can do this division as many times as you want to, 
so to get started, you just need to find a common factor for both numbers —— any one will do. 


Redwte IWts -to ">ake 
.，七 move ^v-'e«dl7- 



These humbeirs aire bo 仏 even, so 
you 仏 divide the -top ahd the 
bo-t-tom by Z. 


92-2 

WT2 


46 


g ： r：；^ 

七 he Wa6b ori w,|| be 呷 Wely «du£ed. 7 


To completely reduce a fraction, you need to remove all of the common factors from the 
fraction. That means you keep trying to divide out numbers until they’re aren’t any more in 
common. Since 46 and 30 are both even, you know that there’s at least another 2 in there. 


46 _ 46 - 2 _ 23 
W~W^2~15 


Ok, so it/ ZS is pirime, so theve aven'i 

a"y 崎 e \ e (i ，The 

veduied a«y -fuvthev. 


You can’t stop reducing the fraction until there aren’t any more common factors. That means 
that either the numerator or the denominator must be prime, or there aren’t any more factors 
in common. 



O 
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Factor trees can eliminate lots of little steps 


There’s an easy way to come up with factors of a number; it’s called a factor 
tree. A factor tree is a table that lists all of the factors, so it’s easier to come up 
with your factor list and then reduce your fractions. 



U - 心 a 
wii\t smaller 


Pick a number to divide 
by first. 

If it’s an even number, 2 is 
the way to go. You can usually 
come up with the other number 
off the top of your head. 


Q Stop the branch of the 
tree if all that's left is 
one and the number itself. 



/\ 


5 


number. 


Put the result of the 
division here. 

So the two numbers on 
this line can be multiplied 
to get the number above it 
(2x30 = 60). 

Divide your new 
number by two 
if it's a factor. 

Pull this number 
apart too. 


Everybody knows that 1 goes 
into everything, so don’t bother. 

This branch is done. 

^ Repeat until you don't have 
any branches left. 


Pick out the prime factors 


You may not know how to read it yet, but you now have a list of all of the factors that make up your 
number. The form of the tree tells you one important thing, too. The end of each of the branches are 
the prime factors of the number. 

If you list all of the prime factors, it’s called prime factorization, and those are the smallest 
pieces that can be multiplied together to get your big number. Not only that, but multiplying them in 
different combinations will give you all of the factors of the numbers. 


\yx *tW»s Wm, 70U tav\ use 

l»s 七 d as a 

|-,st bo ou*t all o\ *tV>c 


Prime factorization of 60: 2, 2, 3, 5 




a 
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Reduce fractions with the factor tree 

Now that you know how to use the factor tree, you can reduce fractions quickly. Let’s try our 
fraction again. 


O 


Write out the fraction that you need to reduce. Lots of times, 
the fraction will be in an equation, so it helps to pull it to the side where 
you have some room. 


92 

60 


Find out the prime factorization of the numerator and the 
denominator. That’s where the factor tree comes in. We already know 
the prime factorization of 60; let’s do 92 real quick. 


TW\s ^ Prime factorization of 60: 2, 2, 3, 5 

〜办 Prime factorization of 92: 2, 2, 23 

Rewrite the fractions as their prime factorization. If you 

multiply the prime factorization out, you get the original number. This 
really isn’t changing the value of anything, just how it’s written. 



92 _ 2 - 2-23 
60 _ 2 . 2 . 3.5 


o 


Divide out all the common factors. Every factor that’s in both the 
numerator and denominator can be removed. 



ycr~- le^i v>eve U iV>e U7 

v-eduded ^v-atlion- 


o 


Simpli^ the remainin&r factors. If there are factors left that need 

一一一 了一 

92 _ 23 _ 23 —^ 

60 _ 3^5 ~ 15 ^ 


Prime 

factorizations 
make rectucingf 
fractions : fast. 
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What’s the GCF? I’ve heard it 
before, but I’m not sure what it’s used for. 

The GCF stands for greatest common 
factor. That is the largest number that can be 
pulled out of two larger numbers. 

I’ve heard of using the GCF for 
reducing fractions. How does that work? 

The GCF is actually used in much the 
same way for reducing fractions as the LCM 
is used for coming up with the LCD. If you 
can list the factors that go into both your 
numerator and denominator, it's easy to find 
the biggest one. 

Once you do that, you can simply divide 
the numerator and denominator by the GCF. 
The problem is, it's tricky to come up with 
the factor list. The factor tree and the prime 
factorization always work the first time. 

What’s the difference between the 
LCD and the LCM? 

The LCM (lowest common multiple) is 
a numeric property of any two numbers. You 
use the LCM of two numbers as the LCD 
(least common denominator). It's basically 
the LCM applied to a specific situation- 
fractions. 


there-, ase no 

Dumb Questions 


Working with fractions seems to be 
much harder than working with decimals. 
Is it worth it? 

Getting started with fractions is a bit 
trickier than starting with decimals. The thing 
is, once you get the hang of it, fractions can 
actually be faster and easier because they 
tend to stay neater than decimals. 

Think about it, working with non-terminating, 
non-repeating decimals would not be pretty. 

When do you need to reduce 
fractions? 

Sometimes you’ll want to do it just 
to make the fractions easier to deal with. 
Working with large denominators gets pretty 
ugly if you need to come up with a LCD and 
add or subtract. 


Why is it called a factor tree? 

Not really sure, but did you ever think 
that they kinda look like evergreen trees? 

What if I can do the factorization in 
my head? Do I still need to do the factor 
tree? 

Nope, you can skip it (but the tree 
tends to keep you from messing up). 

Apparently dividing by one and 
multiplying by one are both important? 

Very. Working with the identity property 
of one makes all of this fraction manipulation 
possible. 


Other times, your problem will ask you to 
reduce the fraction, or you will get an answer 
that just doesn’t make much sense if it’s not 
reduced. 



Getting started 
witk fractions 
is trickier tkan 
ctecimals, tut it’s 
easier in tke enct. 
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fraction recap 


Putting it all together - fractions 


To multiply fractions, just multiply the 
numerators together to get the new numerator; 
multiply the denominators to get the new 
denominator. 


To divide fractions, just cross multiply. So 
multiply the first numerator by the second 
denominator to get the numerator solution. Then 
multiply the first denominator by the second 
numerator to get the solution for the denominator. 


To add fractions, you first need to make sure 
the fractions have a common denominator. After 
that, just add the numerators and keep the 
common denominator. 


To subtract fractions, you first need to make 
sure the fractions have a common denominator. 
After that, just subtract the numerators and keep 
the common denominator. 


To convert improper fractions, do the 

division. Just divide the numerator by the 
denominator. Whatever is left over as the 
remainder is the numerator for the final fraction. 


To reduce fractions, divide both the 
numerator and the denominator by the same 
factor until they have no factors left in common. 
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E%eRct$e 


Work through the different type of fraction problems, and reduce all of your answers! 




























exercise solution 



Work through the different type of fraction problems, and reduce all of your answers! 

O 1 

2^ 


o(.ut»ort ^7 "7 

1 1 , 5 0 , 1,5 二 ope^ion, you fVst, donvevt o 

1 3 + 1 7 = 2 + 3 + 7 f. d r L P^ whole 二 如 WW. 

h & eh 如 ^Wi 0hs .. 

Multiples of 3: 3, 6, 9, 12, 15, 18, 21， 24 TV^v>, ^v-oss 1 ^ 119 


17 

T 


Multiples of 7: 7, 14, 21 ， 28, 35, 42 


The sa^cl 


\ X 1 


7_ 

21 


5 v 3 _ 15 
7 x 3 ~ 2 T 


tanwse^ _ 17~t 7—^ 119 


2 + Jl + M 


9 22 

Z 2T 


"to be 




X 


I- 


IOh 的 eeck 

io a 


17 


2 + 1 备 = 3 备 … do division -to 

redact tWis -fv-at-bio^, but smte 


5 


4'3 

21_I-7 
4 3 一 . 


? 


its so 土 lose tte dc^omii^a-tbV, 
you £.dn see "tha 七 its just o^c 
drvdi one Ic-f-b over. 

Fov* this 丨 




Po-t^e dWtsio^ -to 
代 d<*te 如 WW 7J119 

|s(o vewamdev 49 

because *tV^c a^sY/cv - 

\s a v^ole wwlocv-. 49 

0 

7 5 ^ 8 _ 7 
7 7 Co Mveir £ {tie 

7 5,r_ 54 

U7 } ~T 


ay\ 


Multiples of 4: 4, 8,(l2) 16, 20, 24 


Cv-oss 

multiply 饮 … 


54x^ 8 二 378 Clcavly -this heeds 
b> be «duted. 


21 


21 X 3 

T x 3 

=1 

1 x 4_ 4 

3 X 4 ~ 12 

This -fvadtioh 

63 

4 

59 

heeds -to be 
^o^vcv-tcd 

12 " 

"12 

= 12 

■to a pv-opev- 

•(Va 乙 "tioh. 

4 

12J59 

4 ii 

—^ 12 



Po "tKc division g 
■to make pv-opcv-. 4 J 27 

_ 24 

3 


11 
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Can I just say, I am so over fractions. 

Is there a way to just convert them to 
decimals? Then I can just deal with them 
that way. 


You can convert fractions to decimals. 

Now that you have the skills to reduce fractions and change their 
denominators, you’re ready to find out how to convert decimals to fractions 
and back again. And since decimals and percentages are pretty much the 
same thing, you can convert to percentages, too. 



Converting from a fraction to a decimal 


Converting from a fraction to a decimal is actually very simple. You just do the division. 

We know from converting improper fractions that the line in the middle of the fraction just 
means division. We also know，from decimal division, that you can add as many zeros as you 
need after the decimal to finish the division. If you put those together, you can convert fractions 
to decimals. 


Write the 
fraction 


8 


Do the 
division 


.625 


tu— - 4sl 、 




48' 


20 

-^6 

40 


Keep adding 
zeros until 
the division 
finishes 


That’s it! 


8 


0.625 
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convert fractions to decimals with division 


Converting decimals to fractions 

The key to converting decimals to fractions is the decimal places themselves. Remember that 
0.1 is one tenth? As in, one over ten. So, to convert a decimal, just drop the decimal, put the 
numerals of the decimal in the numerator, and then put a one and the number of zeros for the 
decimal (like, 1000 for thousandths) in the denominator. 


Write the 
decimal 

0.625 


Put the 
number is the 
decimal in the 
numerator 

625 




厶 2*6 -tKousa^d-t^s, 

is I OOO- 


Make the 
denominato 
10,100,1000， 
depending 
upon the place 

625 
1000 






Reduce 

the 

fraction 


625 125 


1000 200 
25 5 


40 _ 8 




Conversions everywhere 


Just to sum up^you also know how to get from the decimal to a percentage and back again. This 
means that which form you use to do any given problem is really up to you. Different forms are 
good for different things, and you’ll learn that through experience. 


Do "the divisioh 


/\Z]oVC 2 - 

•to i\\t v^Vvb ahd add i\\t % 




out the plade as a 
•Pv-ad-tioh dhd \rcdudc 



/Wove the decimal Z places to 

"the 3hd d\rop "the % 
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^terpen your pencil 


Practice converting fractions to decimals. 


i- 16)13 


13 

16 _ 


33 33 _ 

250 _ 250 }33 250 " 



8]3 
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sharpen solution 








pre-algebra review 


Pivisiow by Zero doesn't work 


There’s a special case with division: division by zero doesn’t work (and since fractions are 
just division, it’s a fraction problem, too). Mathematically speaking, division by zero 
is undefined. To understand division by zero, it’s best to start off with division by a few 
numbers close to zero. If you move to smaller and smaller numbers, a disturbing trend 
starts appear. L 

TW»s \s \ust 

代一讲 — 

—v WW 

vwles- \ 


A file ok 10 


TWis s^allcv- 


4 


20 



4 


錄 


srvtall 


100 


500 


Sioo 


The closer you get to dividing by zero, the bigger the answer gets. 
If 1/100 gets you 500, imagine 
get closer and closer to zero, you 
You just can’t divide by zero —— there 


Division ty 0 
is uncteiinect. 


1/1000 or 1/1,000,000! As you 

u get closer and closer to infinity. J. xl3T UtedJlSi 

here’s no answer. 4 . 

that there is 
n0 answer * 



\s\\. 


exponents mean multiplication 


Sometimes multiplication takes forever! 


What if you wanted to write out an expansion of multiplying the same number over and 
over again? Say you send a chain letter to two people, who then also send it to two people. 
How many people would get it by the third day? 

That sounds like multiplication... 

T ho , se ^ s end n 

^,7° (a 3 ai 〜 

So "thch times Z). 

The —aK w 。 化“一 

Z • Z • Z = o p ， rtD i — 丄:丄 


This is how 

People it Oh -the 

day. 


ihe y n 

g ives he 2 

times Z). 


Is there a shorter way? 


Seems like there should be an easier way to write this thing out. It’s pretty easy to mess 
up how many 2’s get written, and you’re just writing the same thing over and over again. 
That’s why we have exponents. An exponent is a notation above a number that means 
“multiply the base by itself this many times.” 

If we rewrite the equation we wrote before with an exponent, it would look like this: 


TV^is 灼 urwbcv is ddlled 

i\st u basc w It's i\\t * 

tr\umbcv" 

mul-b'ifl'icd- ^ 


This is 

3 . 






Now that you have an idea of how exponents work, how many people will have the chain letter 
on Day 4? How about on Day 5? 




pre-algebra review 


How quickly things spread... 

We’ve figured out what happens to the chain letter on the third day. What if we wanted 
to know about the 4th day, or the 1 Oth day? It’d be helpful to generalize the equation. 

We know that each person who gets the letter will send it on to two people —— that won’t 
change. What does change is how many days have passed, which is the exponent. 


Day 1: Day 2: Day 3: Day 4: 

2 letters... 2*2 = 4 letters 2 * 2 * 2 = 8 letters 2*2*2* 2= 16 letters 



Lo\rcy>a I 





Z Z 



\/ifrtovia 午 / 
Moftida 5 ^ 〆 




z 


Nidk ^ < 

V-W. 9 ^ 


9 


Since each person sends the letter to two other 
people, our base is two. Each day is basically 
how many 2’s we have —— that’s our exponent. 


Sum it up 


丁 V>e |S ^ 

2 4 = 2-2-2.2 = 16 

T^e V>ase % 


: 以 ㈣ 〜 Wd e 。 



E%pohCir>*t - A supcv-sdrip-t ho-td*tio»r> mdidatcs 

mul*tipli^"tioh o-f "the base -that 你 ar»y -tirwes. 
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sharpe/i your pencil 


(^terpen your pencil 


丁 W's 




Simplify some exponents. Make sure to write out the whole 
expanded expression first. You’re probably going to need a 
calculator for some of these. 


⑷ 2 


丄气 because this is a Watbon, 

dohl womry - just wite it oui 
like you do "foir whole «ur«bevs. 


Ne^atWe wmbevs Ao^i 

yst wnte 。《七 ^ 

4wmk about it! ^ 

(- 3) 3 = 


RcrwCmkcv, Y/rtV> 
you jus-t 50 stvai^vt 


3Cross. 


Arts and crafts: / 

If you want to see a real life example of / 
exponents in action, go grab a piece of 
paper. Fold it in half. The stack is now two 
sheets thick, right? Nothing exciting yet... 

Then fold it in half again, and now it’s four 
sheets thick. One more time • now it’s eight 
sheets thick. 



How would you express this as a base and 
an exponent so that if someone told you 
how many times they folded it you’d know 
how many sheets thick the stack was? 
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pre-algebra review 


Why does all this matter? 

Now you’re ready to tackle Algebra. And Algebra is the beginning of the good stuff. You wouldn’t 
believe the problems we’ve got to solve. 
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sharpen solution 


^Jharpen your pencil 
Solution 


丁 0 \s 

*7 


5 5 = 5 . 5 . 5 . 5.5 = 3215 


Simplify some exponents. Make sure to write out the whole 
expanded expression first. You’re probably going to need a 
calculator for some of these 


You y>ccd "to use daltula^ov-, 
ov vou do i-t by hand: 

■5 :< 5 二氏 % 5 二 I 2 > 5 , clt. 




= 2 * 2 = 4 


W 办 m-tcyv- 一 y 沘 aW ， 

odd y^umbev- ok 
於 qa 七 Wes keep * 七 ^^aiwc- 


Just ay>o-tKcv c%f^rcssio^ C^f hit 
\Aty\i\bj pv-ofC^rtY 0Y\t =■ 
or\t -to a^Y t%Y0Y\ty\i is still oy>c. 


Paper folding is an example 
of exponents in action. 



: —3) 3 =_m =. 


\s- 


Wd tv>e ?ap. 


is 


YJC 


BULLET POINTS - 

■ Exponents are shorthand for ■ The exponent is how many times 

repetitive multiplication. the base is multiplied. 

■ The base is the number that gets 
multiplied. 


27 
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Symbols 

> (greater than) 204 
乏 (greater than or equal) 204 
< (less than) 204 
^ (less than or equal) 204 

A 

absolute value 463-464, 467 
absolute value equations 453 
Addie podcasts project 112—140 
addition 

decimals 472 
fractions 495, 506 
integers 459 
order of operations 78 
Algebra Toolbox 

associative property 109 
Binomial squared 321 
Binomials with different signs 321 
Cartesian Plane 200 
commutative property 109 
discriminant 375 
distributive property 109 
exponential terms 140 
FOIL 321 
functions 

evaluating 419 
finding domain 419 
finding range 419 
piecewise 419 
solving for zeroes 419 
greater than (>) 237 
greater than or equal ㈤ 237 


less than (<) 237 
less than or equal ㈤ 237 
order of operations 109 
point-slope form 200 
quadratic equations, factoring 374 
quadratic formula 375 
shapes on graphs 375 
slope-intercept form 200 
standard form 200 
system of equations 285 
Zero Product Rule 321 
associative property 85—86, 94， 105 
defined 86 
division 91 
subtraction 91 
Watch it! 89 
axis 151， 162 
axis of symmetry 360 

B 

Bake your fractions 491—492 
bases 117 

exponents with different bases 123， 127-128 
exponents with same base 119 
binomials 287—306 
defined 291 

difference of two squares 298 
distributive property 292-294 
simplifying binomials with 293 
FOIL 301-302 
multiplication 294, 302 
simplifying expressions 295-306 
square pattern 298—300 
with different signs 299-300 
boundary point 219 
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Bullet Points 

2 linear equations with 2 unknowns 285 
absolute value 463 
associative property 91， 109 
base 140 
binomials 294 

multiplication 302 
calculating interest 433 
commutative property 91, 109 
constants 64, 109 
distributive property 109 
elimination method 268, 285 
exponents 140, 518 
factoring 315, 321 
FOIL 302, 321， 333 
fractions 492 
graphing 162 
graphing functions 398 
inequalities, Cartesian Plane 237 
infinite number of solutions 248 
integers 458 
interest equation 433 
in terms of 64 
intersection of lines 257 
inverse operations 16, 32 
isolate the variable 16 
isolating variables 72 
linear equations 200, 248 
number lines 220, 237, 458 
ordered pairs 162 
order of operations 53, 72， 109 
parabolas 367, 375 
piecewise functions 408 
problem’s context 248 
quadratic equations 333 
range 398 
slopes 200 

solving for unknowns 32 
standard form 333 
substitution 257 
system of equations 257 
terms 53, 72 
unknowns 16 


variables 16, 32， 109 
vertex 367, 375 
vertical line test 405 
Zero Product Rule 315, 321 
buying a car project 422-448 
calculating interest 429-433 
calculating monthly payment 430—433 
depreciation 436 
domain 425 
range 425 

c 

calculators 454 

car，buying (see buying a car project) 
Cartesian Plane 159-160, 162, 200 
inequalities 237 
ordered pair 160 
checking your work 22, 23, 28 
complex equations 51-52 
quadratic formula 353 
common denominators 495 
common factors 315 

commutative property 85, 90-91, 94， 105 
defined 90 
division 91 
subtraction 91 
comparisons 204, 206 
complex equations 35—72 
checking your work 51—52 
constants 64 

equal, keeping equation 43 
isolating variables 43 
multi-variable equations 58 
in terms of 61 
proportional relationship 62 
replacing words with numbers 41 
starting with what you know 37 
variables appearing multiple times 48 
whole numbers 45 
Console Pricing Up Close 6 
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constants 64, 72, 101-102 
constraints on functions 394 


difference of two squares 298 
discriminant 349—350, 366-367 


context 245, 248 
context of the problem 66 
counting numbers 468—469 
crossword puzzles 
Binomialcross 319 
solution 320 
Equationcross 31 
solution 33 
Exponentcross 134 
solution 139 
Functioncross 418 
solution 420 
Graphcross 193 
solution 198 
Inequalitycross 235 
solution 236 
Multicross 69 
solution 71 
Propertycross 107 
solution 108 
Quadraticcross 373 
solution 376 
Systemcross 283 
solution 284 
Wrapupcross 447 
solution 448 

D 

decimals 470-481 

addition and subtraction 472 
converting fractions from 510 
converting from fractions 509 
division 476-477 
multiplication 475 
repeating 478 
terminating 478 
depreciation 436 
depreciation graph 439—440 


Discriminant Exposed 350 
distributive property 97—98, 105 
binomials 292-294 

simplifying binomials with 293 
factoring 308 
FOIL 302 

division 

associative property 91 
by one 501 
by zero 513 

commutative property 91 
decimals 476-477 
fractions 486, 506 
integers 460 

negative numbers 211—213 
order of operations 78 
division sign 18,23 
domains 382, 391, 398 
buying a car project 425 

E 

Edward’s Lawn Mowing project 142—200 
Graph it! 157-158 
slopes 166-179 

Elimination Construction 269—270 
elimination method 264—270, 285 

manipulating equations for elimination 266—267 
equality, preserving 14 
equal, keeping equation 43 
Equation Construction 
exponents 115, 125 
solution 116,126 
math sentences 11 
solution 12 
equations 

absolute value 453 

complex (see complex equations) 
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equations (continued) 

determining if function 398 
expressed as functions 381 
general 102 
limits for 380-382 
linear 160—161 
manipulating 46 
math sentences 8 
multistep 43 
multi-variable 58 
in terms of 61 

point-slope equation 170,172 
quadratic (see quadratic equations) 
relations, equations, and functions 393 
replacing words with numbers 41 
solving for two unknowns 251—252 
systems of (see systems of equations) 
treating functions like 405 
trends 149 

visual representation (see graphing) 
with a degree of 2 326 
equation solving skills 28—29 
equivalent fractions 496 
exponential terms 117,140 
exponents 78, 111—140,514—515 
fractional 133 
inverse 130, 133 
like terms 119, 123 
multiplication 118 
negative 123, 133, 450-451 
of 0 133 
of 1 133 

order of operations 123， 128 
roots 130 

versus multiplication 123 
with different bases 127-128 
with same base 119 
Exponents Up Close 115 


F 

factoring 307-322 

distributive property 308 
greatest common factor (GCF) 309 
quadratic equations 330—333 
versus quadratic formula 353 
Zero Product Rule 314, 315 
Factoring Exposed 310 
Factoring Up Close 331 
factor trees 503-504 
fantasy football project 202-238 
Fifteen Minute Mystery 

When shopping leads to relationship ruin! 273 
Solved 274-275, 279 
flipping inequality signs 212—214 

FOIL 301-302, 321 

distributive property 302 
fractional exponents 133 
fractions 470, 485-510 

adding and subtracting 495 
addition 506 

common denominators 495 
converting decimals to 510 
converting to decimals 509 
division 486, 506 
division by one 501 
equivalent 496 
factor trees 503-504 
greatest common factor 505 
improper 489-492, 494, 506 
least common multiple 497 
lowest common denominator 497 
multiplication 486, 506 
order of operations 81 
prime factorization 503—504 
reciprocals 493 
reducing 502, 505, 506 
subtraction 506 
Function Exposed 394 
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functions 377-420 
constraints 394 

determining if equation is function 398 
domain 382 
limits of 386 
domains 398 

equations expressed as 381 
graphing 395—398 
limits 397 

vertical line test 402-405 
inputs 381 

limits for equations 380-382 
minimum and maximum outputs 385 
ordered pairs 388 
piecewise defined function 407—408 
range 386, 398 
relations 391 

relations, equations, and functions 393 
solving for the zeroes of 405 
treating like equations 405 
Functions Way Up Close 387 

G 

gaming system project 2—34 
figuring cost 3 

LIVE subscription, solving for unknowns 13 
general equations 102 
graphing 141—200 
axis 151, 162 

Cartesian Plane 159—160, 162 
ordered pair 160 
defined 147 
functions 395-398 
limits 397 

vertical line test 402-405 
inequalities 225-228 
shaded regions 228 
intercept points 160 
intercepts 162 
linear equations 160—161 
lines 161 ， 169, 244 


ordered pairs 162 
plotting points on graph 147—148 
point-slope form 170-179, 182 
quadrants 159, 162 
quadratic equations 355—367 
parabolas 360—367 
slope-intercept form 181, 183 
slopes 166—179, 187 
horizontal line 179 
standard form 180, 182 
substitution as alternative 256—257 
table of values 162,452 
trends 149, 151 
variables 151 
versus substitution 258 
Graph it! 157-158, 181-182 
depreciation graph 439—440 
punch equations 249—250 
greater than (>) 204 
greater than or equal ㈤ 204 
greatest common factor (GCF) 309, 505 

H 

Head First U project 324-376 
horizontal line, slope 179 
Hotel Cost Up Close 61 



improper fractions 489-492, 494, 506 
index 130 

inequalities 201-238 
Cartesian Plane 237 
comparisons 204, 206 
flipping inequality signs 212-214 
graphing 225-228 
shaded regions 228 
negative number operations 210—214 
number lines 209, 211-212 
scale 220 
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inequalities (continued) 
solution set 208, 214 
boundary point 219 
range of points 219 
substitution 224 
two variables 223 

visualizing solution set on number line 219—220 
Inequalities Up Close 205 
infinite number of solutions 244, 248, 280 
inputs in a function 381 
integers 456, 468 

addition and subtraction 459 
mixed 459 

multiplication and division 460 
zero 467 

intercept points 160 
interest 429-433 
in terms of 61—64 
inverse operations 15, 32 
order of operations 81 
Inverse Operations Exposed 16 
irrational numbers 468 
isolating variables 14,29 
complex equations 43 
inverse operations 16 

K 

Kate’s Work Way Up Close 97 



least common multiple 497 
less than (<) 204 
less than or equal ㈤ 204 
like terms 119， 123 
limits for equations 380-382 
linear equations 160-161, 248 
intersection of lines 251 


multiple 247-248 
point-slope form 170-179, 182 
slope-intercept form 181, 183 
standard form 180, 182 
Linear Equations Up Close 182-183 
lines, graphing 161, 169 

slope of horizontal line 179 
lines, what lines represent 244 
lowest common denominator 497 

M 

manipulating equations 7, 46 
Math or No Math project 74—110 
binomials and factoring 288—322 
math sentences 8, 28 

replacing words with numbers 41 
minimum and maximum outputs of a function 385 
mixed integers 459 
multiplication 

binomials 294, 302 
decimals 475 
exponents 118 
fractions 486, 506 
integers 460 

negative numbers 211—213 
order of operations 78 
versus exponents 123 
zero 314 

multiplication sign 17, 23 
Multiplicative Identity Property of One 501 
multistep equations 43 
multi-variable equations 58 
in terms of 61 

N 

negative distance 329 
negative exponents 133, 450—451 
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negative number operations 210—214 
division 211-213 
multiplication 211—213 
negative numbers 456 
number line 457 
working with 457 
negative root 133 
negative square root 353 
New Year’s Eve project 240-286 
No Dumb Questions 
absolute value 467 
associative property 89 
binomials 294 
patterns 300 
checking your work 23 
combining terms 53 
common factors 315 
context of the problem 66 
determining if equation is function 398 
distributive property 98, 294 
domain of a function 398 
elimination method 265, 268 
exponents 

fractional 133 
inverse 133 
negative 123, 133 
of 0 133 
of 1 133 

order of operations 123 
with different bases 123 
exponents with different bases 128 
factoring 315 
fractions 81, 494 
functions 391 
relations 391 

treating like equations 405 
graphing 151, 265 
axis 151， 162 
Cartesian Plane 162 
intercepts 162 
quadrants 162 
variables 151 


greatest common factor 505 
improper fractions 494 
inequalities 209 

flipping the inequality 214 
solution set 214 
interest equation 433 
inverse operations 81 

“less than” versus “less than or equal to” 209 

like terms 123 

monthly payment 433 

multiplication and division notation 23 

multiplication versus exponents 123 

negative square root 353 

number line 209, 220 

order of operations 46, 81, 89, 98 

parabolas 367 

parentheses 98 

percentages 481， 494 

point-slope equation 172 

quadratic equations 333 

quadratic formula 344, 353 

radical 133 

range and domains 391 
range of a function 398 
reducing fractions 505 
repeating decimals 478 

“right answer” versus “one way to get there” 53 
roots 81 

negative 133 
principle 133 
slopes 171 ， 172, 187 
substitution 23, 265 
system of equations 253 
order 262 
substitution 268 
substitution versus graphing 258 
table of values 162 
terminating decimals 478 
trends 151 
unknowns 7 
vertex 367 
zero 467 
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number lines 209, 211-212 
negative numbers 457 
scale 220 

visualizing solution set on 219-220 
number sets 468-469 
numeric operations 73—110 
constants 101-102 

order of operations (see order of operations) 
properties (see properties) 

0 

operations 
inverse 15 

negative number 210 
numeric (see numeric operations) 
order of (see order of operations) 
which to use 15 
ordered pairs 160, 162, 388 
order of operations 46, 53, 77-78, 81 ， 89, 94 
addition 78 
division 78 

exponents 78, 123, 128 
fractions 81 
inverse operations 81 
multiplication 78 
parentheses 78, 98 
roots 81 
subtraction 78 

P 

Pajama Death project 36-72 
breaking down costs 38 
functions 378-420 
profit and loss 54-57 
parabolas 360—367 
upside down 367 
working with 365 
parentheses 78, 98 
percentages 470, 481-484, 494 


piecewise defined function 407-408 
plotting points on graph 147—148 
point-slope equation 170， 172 
point-slope form 170-179, 182, 200 
slope of 0 179 
Watch it! 172 

Point-Slope Way Up Close 170 
polynomials 291 
Pool Puzzle 317-318 
pre-algebra review 455—518 
absolute value 463—464 
common denominators 495 
converting decimals to fractions 510 
converting fractions to decimals 509 
counting numbers 468—469 
decimals 470-481 
division 476—477 
multiplication 475 
division by one 501 
division by zero 513 
equivalent fractions 496 
exponents 514—515 
factor trees 503-504 
fractions 470, 485—510 

adding and subtracting 495 
common denominators 495 
division 486 
equivalent 496 
improper 489-492, 494 
least common multiple 497 
lowest common denominator 497 
multiplication 486 
reciprocals 493 
reducing 502, 505 
greatest common factor 505 
integers 456 

addition and subtraction 459 
multiplication and division 460 
irrational numbers 468 
least common multiple 497 
lowest common denominator 497 
mixed integers 459 
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Multiplicative Identity Property of One 501 
negative numbers 456 
working with 457 
number sets 468—469 
percentages 470, 481-484, 494 
prime factorization 503—504 
real numbers 468—469 
repeating decimals 478 
terminating decimals 478 
whole numbers 468—469 
preserving equality 14 
prime factorization 503—504 
problems 

writing out verbally 5 
problem’s context 245, 248 
properties 85—104 

associative 85—86, 94 
defined 86 
Watch it! 89 

commutative 85, 90-91，94 
defined 90 
distributive 97-98 
distributive property 
binomials 292—294 
Properties Exposed 93 
proportional relationship 62 

quadrants 159， 162 
quadratic equations 323—376 
defined 326 
discriminant 366-367 
factoring 330—333 
graphing 355—367 
parabolas 360—367 
negative distance 329 
standard form 330, 353 
quadratic formula 343—344, 353 
checking your work 353 
discriminant 349-350 
versus factoring 353 
Watch it! 344 


It 

radical 130, 133 
range 386, 391, 398 

buying a car project 425 
range of points 219 
real numbers 468—469 
reciprocals 493 

reducing fractions 502, 505, 506 
relations 388, 391 

relations, equations, and functions 393 
repeating decimals 478 
replacing words with numbers 41 
Revenue C onstruction 411—412 
“right answer” versus “one way to get there” 53 
roots 81， 130 
exponents 130 
index 130 
inverse 130 
negative 133 
principle 133 
Roots Up Close 130 



scale 220 

shaded regions 228 
slope-intercept equation 181 
slope-intercept form 181 ， 183, 200 
slopes 166-179, 171 ， 172, 187 
equalling 0 179 
horizontal line 179 
point-slope form 170-179 
Watch it! 172 
solution set 208, 214 
boundary point 219 
range of points 219 
visualizing on number line 219—220 
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solving for unknowns 1 ， 4, 16, 28, 32 
Gaming System project 
LIVE subscription 13 
system of equations 251—252 



square pattern 298—300 
square roots, negative 353 
standard form 180, 182, 200 
quadratic equations 330, 353 
starting with what you know 37 
subscripts 170 
substitution 22, 23, 62 
inequalities 224 

system of equations 256—257, 268 
versus graphing 258 
subtraction 

associative property 91 
commutative property 91 
decimals 472 
fractions 495, 506 
integers 459 
order of operations 78 
Sum it up 

absolute value 464 
Associative Property 86 
binomials 291 
Commutative Property 90 
elimination method 264—270 
exponents 515 
integers 456 

least common multiple 497 
lowest common denominator 497 
Multiplicative Identity Property of One 501 
polynomials 291 
relations 388 

slope-intercept equation 181 
term 62 

system of equations 239-286 

2 linear equations with 2 unknowns 285 
different equation but same line 280 


elimination method 264-270, 285 

manipulating equations for elimination 266—267 
infinite number of solutions 244, 280 
linear equations, intersection of lines 251 
multiple linear equations 247—248 
order 262 

solving for two unknowns 251—252 
substitution 256-257, 268 
substitution versus graphing 258 
System of Equations Exposed 271 

丁 

table of values 162, 452 
terminating decimals 478 
terms 53 

combining 53 
defined 62 
exponential 117 
in terms of 61—64 
like terms 119， 123 
versus variables 62 
trends 149, 151 

TJ 

unknowns, solving for 1 ， 4, 16, 28, 32 

V 

variables 7, 32 

appearing multiple times 48 
elimination method 266-268 
graphing 151 

isolating (see isolating variables) 
multi-variable equations 58 
versus terms 62 
vertex 360-361, 367 
vertical line test 402-405 

visual representation of equations (see graphing) 
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M 

Watch it! 

associative property 89 
limits of the domain 386 
point-slope form 172 
quadratic formula 344 
whole numbers 45, 468-469 

X 

x，solving for unknowns 7 


z 

zero 467 

division by 513 
multiplication 314 
solving for 405 
Zero Product Rule 314, 315 
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